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P  K  E  F  A  C  E 

TiinsE  chapters  are  intended  for  the  general  practi- 
tioner, the  consulting'  surgeon,  and  candidates  for 
the  higher  examinations  in  physiology. 

There  was  a  time  when  one  man  could  be  physio- 
logist   and   surgeon    too,    hut    tlie   rapid    march   of 
progress  in  each  field  has  left  a  great  gap  Ixitweeii 
the   sciences    which    is   continually  widening.     The 
triumphs  of  the  surgeon  are  unknown  to  the  physio- 
logist, and  the  converse  is  etpially  true.     Yet  many 
of  the  iliscoveries  of  the  past  ten  years  which  have  so 
changed  the  face  of  physiology  are  fraught  with  vast 
possibilities  for  the  clinician.     This  book  is  an  attempt 
to  sift  out  from  the  New  Physiology  that  which  is 
likely  tc;  l>e  of  value  in  the  actual  diagnosis  and 
treatment  of  patients. 

It  would  be  a  small  service  to  lay  before  the 
practical  reader  mere  theories  or  guess-work.  With 
but  few  exceptions,  only  the  established  and  settled 
conclusions  arrived  at  by  many  comj^etent  and 
independent  workers  have  been  introduced.  Part  of 
the  chapter  on  cutaneous  anaesthetics  and  a  few 
other  researches  and  passing  suggestions  for  which 
the  author  is  personally  responsible,  must  stand  in 
a  different  category. 


IV 


PHKKACK 


An  <'tl'>it  ha-.  l»<<-ii  iu.t<!t  til  txplaiii  iiMtlti->  so 
simply  that  thc\'  m.iy  I't;  intcni'^ililf  t<>  tho-e  ha\'iii^ 
the  must  clcmciilaiy  kimwlfd:;!;  nt  |)liv>iiil(iL;\-,  and 
all  tt-rhnical  terms  ha\t'  hcfii  aNoidcd  <<y  (IfliiifiL 

1  hcK!  arc  i-\<  flli'tit  iiKiiiuaU  now  puhhshtvl 
titatinu:  <»i  thf  a|«;Ii(  ati"ii  ot  physi<tl«it,'y  to  <lHeascs 
which  principally  comrin  tlic  cnnsnUini,'  physician. 
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piactitioncrs  alike. 
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Surmea/  and  General  Practice 


CHAPTER    I. 

THE    THYROID     AND    PARATHYROID 
GLANDS. 

Hi^tcry — Kciiioval  ot  the  thyrnid  ami  parathyroids — Removal 
ui  parathyn.ids  alone — Ktnioval  of  thyroid  alone — Thyroid 
liediiif; — (  htiiiistry  of  thyroid  colloid — Parenchymatous  goitre 
—  Iod<ifr)riu  and  thyroidism — Action  of  iodides  on  gummata  and 
aiheruina — I'xophthalniic  goitre — I*ractical  deductions. 

MUCH  of  the  clinical  and  experimental  work 
which  has  been  done  in  connection  with  these 
glands  can  no  longer  be  described  as  nevv,  but  it 
will  be  helpful  to  mention  in  passing  some  of  the 
well-known  results  obtained  by  the  first  observers. 

HISTORY. 
As  long  ago  as  1859,  Schiff  described  the  fatal 
result  which  inevitably  supervenes  after  removal  of  the 
thyroid  gland  in  dogs,  but  it  was  not  until  "  cachexia 
sti-uniipriva,"  or  operative  myxoedema,  was  found 
to  follow  so  many  of  Kocher's  early  operations  for 
goitre  on  patients  coming  from  the  goitrous  Swiss 
valleys,  that  this  fact  attracted  much  attention.     The 
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relation  of  the  thyroid  to  my. \( edema  was  then 
>tablished  by  (iull  and  Ord.  The  hi/^dih'  successful 
treatment  of  myxcedema  and  cretinism  by  thyroid 
lec(HnK  was  intro(hiced  by  Murray,  lojlowint,'  on 
the  observation  l)V  Schitl  and  subsequent  workers 
that  transplantation  of  the  i,'Iand  Ixiieath  the  skin 
of  the  thyroidect(miized  animal  relie\e(l  the 
symptoms. 

REMOVAL  OF  THYROID  AND  PARATHYROIDS. 

We  will  con.^ider  first  the  consequences  of  removal 
of  the  thyioid  c'land  in  animals.  The  effect  of 
total  removal  \aries  greatly  with  the  species.  Tlius 
rodents  are  little  if  at  all  at'fectod,  sheej)  ami  cattle 
more  so  ;  in  man  and  monkeys  the  symptoms  are 
marked,  and  in  carni\(tres,  esj)ecially  foxes,  a  rapidly 
fatal  result  ensue>.  To  some  extent  this  striking 
di\ersitv  de])ends,  as  we  shall  see,  on  the  liability  to 
simultaneous  remo\'al  of  the  parathyrtiids  ;  for  a 
long  time  this  was  not  recognized.  Males  are  more 
seveiely  ..Ifected  than  females,  and  castration  is 
said  to  modify  the  symptoms.  Thyroidectomizcd 
animals  are  very  susceptible  to  cold,  and  keeping 
cats  V  arm  may  save  their  li\"es  ;  of  course  tliyroid 
medication  must  be  undertaken  at  the  same  time. 
It  1.--  well  know  n  that  human  patients  with  my.xcedema 
feel  the  cold  \ery  much.  The  symptoms  in  dogs 
and  monkeys  are  \omiting,  muscular  prostration, 
emaciation,  and  often  death.  Of  great  importance 
IS  the  frequent  occurrence  of  tetany.  The  spasms 
are  at  first  slight,  affecting  the  jaw  muscles,  then 
they  spread  over  the  whole  body  and  may  be  fatal. 
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Tin's  condition  lias  se\er;il  times  followed  a  too 
extensive  remo\a]  of  the  thyroid  in  man,  and  may 
also  occur  in  myxnedema.  Another  symptom 
l)ie>ent  frequently  in  monkeys  is  narrowing  of  the 
palfjehral  tissui  ,o-called  enophthalmos  ;  we  shall 
stv  that  admiiv  .tration  of  thyroid  extract  may 
cau-e  exophthalmos.  True  myxcedema  is  not  often 
>e<'n  in  the  experimental  animals.  It  has  l)een 
iniluced  in  mild  dec^ree  in  monkeys  by  Horsley, 
l.dmunds,  and  others,  but  not  with  any  constancy, 
and  in  other  animals  it  is  not  seen  at  all. 

It  is  not  usually  possible  to  sa\e  the  li\cs  of  dog.s 
or  monkeys,  whose  thyroids  have  l)een  removed, 
by  ffedini,'  on  sheep's  thyroid,  although  a  good  deal 
of  relief  may  Ik'  obtained  for  the  svmptoms  in  this 
way.  (irafting  a  piece  of  the  gland  under  the  skin 
is  successful  for  a  while,  but  e\entually  it  is  absorl)ed. 

The  effects  of  removal  of,  or  in>ufticient  secretion 
by,  the  thyroid  gland  in  man  are  myxedema,  and 
occasionally  tctciny. 

In  408  cases  in  Kocher's  clinic  at  Berne  complete 
extirjiation  of  the  thyroid  was  followed  by  myxredema 
in  bf)  cases,  and  a  similar  operation  in  78  cases  in 
liillroth's  clinic  was  followed  by  tetany  in  ij  cases, 
of  which  0  proved  fatal.  Feeding  vdth  sheep's 
tliyroid  is  wonderfully  successful  in  myxocdema,  but 
i>  not  usually  effectual  in  tetany. 

I'artial  removals  of  the  thyroid  in  dogs  produce 
s\Tnptoms     of     correspondingly     lessened     severity 
Halstead  found  that  in  one  case  one-eighteenth  of 
the    gland    sulticed    to     ward    off    symptoms    of 
athyroidism,  but  the  amount  which  could  safely  be 
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left  varied  in  (littcrcnt  animals.  One  bitch  which 
had  lost  two-tliirds  of  her  total  thyroid  became 
pregnant  by  a  healtliy  male,  and  all  lier  whelps  had 
enormous  goitres,  a  fact  which  has  al>o  iK'cn 
observed  by  Kdmunds. 

Histological  examination  of  the  portion  remaining 
shows  a  sequence  of  changes  remarkably  like  those 
occurring  in  exophthalmic  goitre,  namely,  distension 
and  irregular  sliape  of  the  vesicles,  with  watery  fluid 
instead  of  colloid,  and  columnar  ejiithelium  instead 
of  cubical. 


in 


REMOVAL     OF     PARATHYROIDS. 

The  variatitjn  in  the  symptom-complex  following 
on  thyroidectomy,  and  the  variability  of  response 
to  thyroid  feeding,  both  depend  on  any  coincident 
injury  to  the  parathyroid  glands.  For  many  years 
these  glands  passed  unrecognized,  and  most  of  the 
effects  attributed  above  to  removal  of  tlie  thyroid 
are  as  a  matter  of  fact  due  to  loss  of  the  parathyroids. 
These  are  two  pairs  of  small  glands  lying  behind  the 
lateral  lobes  of  the  thyroid  close  to  the  trachea,  not 
easily  distinguishable  from  the  thyroid  except  by 
the  microscope,  when  they  are  seen  to  consist  of 
columns  of  polygonal  cells  \ith  no  regular  arrange- 
ment into  acini,  and  .secreting  no  colloid.  One  pair 
was  discovered  by  Sandstrom  in  1880,  and  the 
functions  were  investigated  by  Gley  in  1S92  ;  Init 
the  second  pair  was  not  recognized  till  Kohn's 
monograph  appeared  in  1895.  A  number  of 
pliysiologists  ha\e  since  described  the  effects  of 
removal  (Vassali  and  Generali,  Edmunds,  Moussu). 
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If  all  four  parathyroids  are  taken  away,  the  animal 
>uc(umbs  rapidly,  with  symptoms  just  such  as  have 
been  descrilxMl  under  the  heading  of  thyroidectomy, 
tetany  iK-ing  a  marked  feature.  The  signs  are  the 
>ame  whether  the  thyroid  gland  is  removed  or  left. 
Leaving  one  parathyroid  is  usually  sufTicient  to 
pre\ent  death.  l)Ut  tetany  may  still  ensue. 

It  would  seem  tliat  in  man,  myxcedema  is  due  to 
loss  of  the  internal  secretion  of  the  thyroid  itself, 
hut  that  tetany  and  fatal  symptoms  in  l)oth  man 
and  animals  are  due  to  loss  of  the  parathyroids. 
Ihe  convulsions  of  tetany  in  dogs  may  be  arrested 
l)y  feeding  on  a  watery  extract  of  tweUe  to  twenty 
horses'  parathyroids  (Moussu). 

REMOVAL     OI-     THYROID     ALONE. 

Removal  of  the  thyroid  gland  without  the  para- 
tliyroids  is  usually  not  fatal  ;  myxoedema  results 
in  man  ;  occasionally,  perluips,  in  animals  also. 
but  more  commonly  only  cachexia.  In  young 
animals,  however,  tlie  results  are  much  more  distinct, 
and  Kiselsl)erg  and  others  have  induced  very 
con\incing  cretinism,  with  a  remarkable  stunting 
of  growth,  in  lambs,  goats,  rabl)its,  and  asses.  It 
is  interesting  and  important  to  notice  that  the 
animals  so  treated  developed  exceedingly  marked 
atheroma  of  the  aorta,  of  which  Liselsberg  gives 
good  figures. 

THYROID     FEEDING. 

We  now  turn  to  the  effects  c)f  thyroid  feeding  in 
the   normal  man    and   animal.     These  arc  {>erfectly 
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fliaractcristic  it  hnis^v  (h»t>  an-  |^i\eii.  Tlie  blood- 
pre^sure  falls,  the  jnilse  becomes  rapid  (120-140  or 
more),  tliere  may  be  fever,  headaclie  is  usual,  and 
there  is  great  mental  (le])ression  or  excitement  in 
many  cases.  Mxoplitlialmos  lias  been  recorded 
se\eral  times  after  an  o\ei(i(»se  in  man  (Hc'clere. 
Nottliaft),  and  monkeys  (lulmunds).  The  mctabolii- 
exchanges  of  the  body  aie  incicased,  consequentK' 
there  is  loss  of  weight  and  an  increased  output  ot 
urea,  chlorides,  and  i)hosphates,  and  the  gaseous 
exclianges  in  tlie  lungs  are  abo\e  normal  (Roos. 
Magnus  Levy).  It  will  be  noticed  that  the  i)arallel- 
ism  with  (haves'  disease  is  \ery  striking. 

CHEMISTRY    OF    THYROID    COLLOID. 

Chemical  investigation  of  the  colloid  has  yielded 
some  important  results.  The  active  principle, 
iodothyrin.  has  the  characters  of  a  globulin  (Oswald) 
wliich  contains  a  \'ariable  proj)ortion  of  iodine.  This 
element  is  usually  abundant  in  the  thyroid,  but 
almost  absent  in  the  other  tissues  of  the  body.  Its 
presence  was  first  proved  by  Baumann  of  Freiburg, 
in  i^()().  and  has  been  abundantly  conhrmed  since. 
The  amount  })resent  varies  with  the  species  and  also 
with  the  individual  ;  in  some  cases  it  falls  below 
the  limits  of  chemical  recognition.  Herbivores 
piisse>  it  in  abundance,  most  \egetables  cf)ntaining 
iodine.  In  carnixores  it  is  very  scanty.  In  man  it 
is  nearly  always  ])resent  in  recognizable  quantities, 
i-xrept  in  young  eliildren.  Wells  finds  that  the 
amount   \aries  with  the  locality,  and  in  general  is 
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j^'oitie.     In  paifncliymalous  f,'nitre  tlie  iodine  content 
i>  too  low  ;    in  exophthalmic  f,'oitro  it  is  too  high. 

PARENCHYMATOUS    GOITRE. 

Directinf,'  our  attention  now  to  enlargements  o{ 
tlie  tliyroid  gland,  we  rule  out  those  that  are  merely 
flue  to  tumour  formation,  -uch  as  adenoma  or  cystic 
disca>e.  and  confine  oursehes  to  the  parenchymatous 
goitres.  It  has  long  been  known  that  there  is  some 
connection  between  drinking  waters  and  the  in- 
cidence ot  goitre.  Ihe  disease  is  extraordinarily 
j)ie\alent  in  certain  districts,  and  especially  where 
thf  water-supply  is  derived  from  i)articular  geological 
formations,  such  as  the  molas.se  in  Switzerland 
and  the  carboniferous  limestone  in  Derbyshire.  In 
Khokand,  Turkestan,  a  very  large  proportion  of  the 
whole  population  suffers,  and  Russian  soldi(rs 
statione(l  there  ra{)idly  accjuire  the  disease.  The 
introduction  of  a  new  water-supply  has  several  times 
induced  an  epidemic  of  goitre  in  a  town,  or,  on  the 
other  hand,  reduced  the  number  of  cases  in  an 
endemic  area.  Thus  at  Kupperswyl,  near  Aarau, 
an  endemic  area  in  which  59  per  cent  ot  the 
children  were  goitrous,  in  18S4  the  water-supply  was 
changed  for  one  from  a  non-goitrous  district,  and 
in  ten  years  the  percentage  had  fallen  to  eleven. 
Tliere  are  on  the  Continent  certain  goitre  wells  called 
Krcipfbrunnen,  at  which  young  men  anxious  to 
e.scape  conscription  drink.  They  have  been  known 
for  centuries,  and  tlie  water  will  induce  goitre  in 
horses  and  dog>,  as  well  as  in  man.  Boiling  the 
water  fle^-trox's  it"^  re'iiarkabie  etff'.t   on  the  thvroid 
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Rland.  This  has  Ixh-u  lakt-n  t<>  pioNc  that  some 
hvinf,'  oif^'anism  is  the  ctttTtivf  rau>o.  but  another 
theory  is  more  probable,  as  we  shall  >ee  later. 

In  the  earlier  stages,  parenchymatous  f^oitre  can 
usually  Ik?  cured,  either  by  feedint;  on  thyroid  extrat  i 
or  by  means  of  potassium  iodide.  Marine*  ha> 
pointed  out  that  in  America  tliere  was  formerly 
a  serious  connnercial  loss  in  some  districts  from 
cretin  lambs,  and  that  sheep  and  dogs  with  goitre 
were  numerous  ;  the  .sul)stitution  of  an  io(lift'rou> 
salt  for  pure  rock-salt  has  been  comj^letely  successful 
in   preventing  all   the>e  manifestations. 

<halmers  Watson,  and  more  recently  IMmunrls. 
have  .)btained  goitre  in  fowls  by  a  meat  diet.  The 
low  iodine-content  of  the  meat  makes  it  necessar\- 
for  the  thyroid  to  enlarge,  so  as  \u  take  the  greate>t 
achantage  of  what  iodine  it  can  get. 

There  is  alnindant  e\idence  that  iodides,  and 
especially  organic  combinations  of  iodine  such  as 
iodoform,  have  great  power  in  enhancing  the 
activity  of  the  thyi  -id  gland.  We  ha\e  already 
seen  that  the  gland  normally  secretes  iodine  in  the 
blood-stream,  combined  with  a  globulin.  Roos. 
and  more  recently  Hunt  and  Seidel,  have  shown 
that  the  activity  of  the  colloid  varies  directly  with 
the  amount  of  iodine  contained  in  it.  When  iodides 
or  iodoform  are  gi\en  b\-  mouth,  they  are  taken  up 
by  the  thyroid  and  secreted  in  the  blood-stream  in 
the  form  of  iodothyrin,  the  normal  acti\e  principle 
of  the  gland.     The  amount  of  iodine  in  the  gland 
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in  tliese  circumstances  rises  considerably,  as  has  l)een 
proved  by  Oswald  ii-  man,  and  by  Hunt  and  Seidel 
in  do^s. 

What,     tlieii.     is     the     relation     U'tween     iodine 
nufalK)lism  and  f,'oitte  ? 

In    the    fir>t    place,    we   may    conclude    that    the 
thyroid   enlarf,'es   in   j^'oitre   l)ecause   it    is   necessary 
tor  it   to  do  increased  work.     A  certain  ([uantity  of 
iodothyrin  is  needful  for  the  ^'eneral  well-lxjing  of  the 
individual  ;     if  the  gland  is  scantily  supplied  witli 
iodine,  it  must  enlarge  in  order  to  take  the  fullest 
possible  advantage  of  all   that   may  be  brought   to 
it  by  the  blood-stream.     In  the  same  way  a  kidney 
lixpertrophies  when  its  fellow  is  degenerated,  in  order 
to  obtain  more  urea  for  excretion,  and  the  red  blood- 
rorjmscles  double  in  numljer  wlien  a  man  takes  up 
lii>  abode  in  the  rarefied  atniosf)here  of  great   alti- 
tudes, to  make  the  best  use  of  the  diminished  supply  of 
owgeii.      It  has  l)een  shown  by  Oswald  in  a  number 
ot  observations  tliat  in  goitre  the  tliyroid  colloid  is 
exceedingly  dehcient  in  iodine,   both  in  calves  and 
man.     Thus  we  get  a  clue  to  the  successful  treatment 
"t    the    affection    either    by    iodiferous    compounds 
or  oy  thyroid  extract.     It  is  well  known  that  either 
of   these   remedies   will   cure   early   cases  of  goitre, 
before     the     enlargement     becomes     chronic.      The 
success  of  the  iodiferous  rock-salt  on  the  American 
farms  may  be  accounted  for  in  the  same  way.     An 
explanation    is    also    offered    of    the    fact,    noticed 
previously,   that  the  whelps  of  bitclies  from  whom 
a  good  part  of  the  thyroid  has  been  removed  are 
all  goitrous,  the  plasma  supplied  to  the  lurlal  glands 


t    ■; 


li'mFmspm^ 


;i>iM,;-'  i*. 


10 


TIIK    TUVIIOII)    AM) 


«\i«l»iitlv(i'iit.iiiiin;,'a(leriti«'n(y<»f  iodine  (loiivcdfroni 
till-  tii.itfiiial  tliviDKl.  Of  2, .•,.{.»  tasfs  of  conKfuital 
j^oittr  ( <.llt'(  t«'(l  l.y  I'aliK'  and  Tlicvfnot,*  the  motliiT 
was  almost  iii\aiia!>ly  k"1'i"1'^-  •  1"'  f""l''»l  tliymid 
(■nl.tiL;t-  Ml  oidci  to  olit.iin  as  niiuh  iodiiu-  as  it  tan. 

It  was  ii.itnial  to  vnyct^t  tliat  tin-  uatt-is  of  the 
Kroplbiunntii  \mic  d('ti«ifnt  in  iodine.  Imt  ihi-- 
thfoiv  would  ovfilook  tlie  lact  that  tlir  hulk  of  our 
iodine  i^  derived  Imni  \ii;ftal)Iis,  not  Ironi  drinkini:- 
waler,  an«l  a>  a  inatttr  of  fact  tlie>e  wells  show  no 
roiistaiit  dtlKiiiuy  tir  rxcess  of  icuUnc.  It  is  nioi-^ 
piobalile  that  tluy  contain  minute  traces  of  some 
metal  ha\  in.u;  a  '^nwt  atlmity  tor  iodini',  and  forniini,' 
with  it  an  in-oluMe  comi>«»nnd.  It  i.>  c|uite  conceiv- 
able tliat  boiliiif,'  tlie  water  mi},dit  precipitate  such 
a  metal.  There  are  probably  many  metals,  known 
,ind  unknown,  »liat  would  lultil  the  conditions  ;  it 
will  sutfici-  to  mention  >ilver  as  an  illustration.  This, 
it  taken  into  the  body,  would  withdraw  so  much  ol  thf 
available  iodine  as  inert  silver  iodide,  tliat  the  thyroid 
nuist  enlari;e  to  obtain  tlie   indispensable  niininnim. 

ihe  theorv  has  been  advanced  that  the  Kropf- 
iMunnen  contain  some  oii^anism  capable  of  causing 
;i  .uoitre.  To  accept  this,  however,  is  to  oveilook 
tlie  wti,L;ht  of  evidence  laarint^  vv,  iocHne  metal)<)lism 
in  relation  to  the  thvoud.  A,^ain.  it  is  fpiite  in 
accordance  with  the  common  laws  of  Nature  to  find 
a  metal  or  minera'  specially  limiteu  to  particular 
ceoloLjical  tormations  in  widely  separatetl  areas  ; 
but  there  is  no  evidence  that  bacteria  are  dependent 
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on  /.Tulo^^y.  Ami  thirdly,  it  has  recently  lH;en  shown 
l>y  \\'ihn>  that  the  waters  of  a  j^'ojtro  well  retain 
tlu'ir  [Hiuer  to  cau>f  f,'oitrc  in  rat>  after  tijterin/,'  <»ut 
all  bacteria  by  a  Htikefrldt  hlter,  but  not  after 
lieatmj,'  to  tSo  .  Hh'  heatin;^'  pntbably  precipitates 
the  metal  as  an  insoluble  carbf)nate,  by  »lri\ing  oft 
laibun  dioxide  which  hold^  it  in  soluti<»n. 

llnre  aie  ^'oitre  well->  in  lingland.  One  is  known 
lo  the  writer  near  Ikrkeley.  in  (lIouce>ter■^llire. 
Its  water  i>  xi^vd  by  only  oiu'  or  two  families,  but 
tour  ^a^e^  ot  i;oitre  have  resulted.  It  is  usually  the 
!,Mo\\ii)g  (hildren  wlio  suffer. 

IODOFORM    AND    THYROIDISM. 

The  conclusions  which  modern  phy-'i»Iogy  has 
reached  with  ref,'ard  to  tlie  relation  between  iodine 
compounds  antl  the  thyroid  t^daml  lead  us  to  soin*- 
further  important  explanation^  of  obscure  problem"^. 
We  are  now  able  to  understand  the  toxic  eflects  of 
iodoform,  and  the  beneficial  action  of  iodides  on 
arteri.>.sclerosis,  aneurysm,  and  tjumniata. 

Iodoform  [)oisoninf,'  has  become  a  well-reco;,'nized 
condition,  and  e\ery  textbook  on  jiharmacology  or 
toxicolo},'y  ^ivcs  a  clear  description  of  the  clinical 
picture,  whicli  the  writer  has  \eritietl  by  consulting 
the  reports  on  sonic  loo  cases  scattered  through 
the  literature,  not  including  the  \ery  numerous 
records  of  dermatitis  or  erythema  following  its  local 
U'^c.  .\  long  list  of  well-described  case>  (not  always 
very  convincing)  is  given  by  Cutler.* 
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There  an-  fuur  main  \-aricties  of  iodoform  poi- 
soning :  - 

1.  Skin  eruptions,  suil:  as  dermatitis,  eiytlienia, 
and  swelling. 

2.  Persistent  sul)jerti\e  ta>te  and  >mell  of  the 
drug  long  after  its  application  has  been  discontinued. 

J.  Toxic  anil)lvopia  (5  case>),  and  optic  atrophy 
(i  case). 

4.  Acute  tliNToid  sympt»)m>,  comprising  ra[)id 
pulse,  delirium,  headache,  \omiting.  and  .1  variable 
amount  of  le\ei.  The  most  characteri>tic  sequence 
is  when  thf  jnil>e  i>  \ery  rapid  but  the  temperature 
normal. 

()f  the  above  groups  wc  aie  now  concerned 
only  with  the  last. 

It  will  be  noticed  that  tin-  clinical  picture  cor- 
responds exactly  with  that  seen  after  the  adminis- 
tration of  excessive  doses  ol  thyioid  t,-xtr;ict.  Ior!<  - 
foiin  causes  its  toxic  effects  by  stimulating  the 
internal  secretion  of  the  thyroid  gland,  with  the 
prt-duction   f)l  acute   thyroid  intoxication. 

I  have  described  a  case  in  which  chronic  thyroid 
intoxication,  that  is  to  >ay  (iraves'  disease,  clearly 
followed  the  application  of  iodoform  to  an  absorbing 
>urface.  There  was  certain  proof  that  too  much 
iodoform  w.is  absorbed,  becau>e  for  weeks  after  the 
drug  had  been  withdrawn  the  patient  was  haunted 
by  Its  smell  and  taste.  Tiie  tachycardia  and  wasting 
were  lirst  nntjred  a  week  or  two  after  this  symptom 
dexeloiK^l.  Ihe  (iraves'  disease  was  still  [Present  in 
a  mild  form  one  \-ear  later,  but  eventually  disappeared. 

Hiuil    and   Sridel    lia\t>    ^howii    that    after   do>iiig 
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a  dot,'  with  iodolorm,  tlie  iodine  content  and  tlie 
a(ti\ity  of  the  thyroid  colloid  are  both  increased 
i^reatlv.  The  thyroid  secretes  into  the  bloofl,  as 
lodothyrin,  the  iodine  derived  from  the  it)dofomi. 
When  strychnine  is  excreted  by  the  kidneys  the 
fxcretion  is  merely  discharged  from  the  body,  and 
therefore  the  drug  can  do  no  more  harm.  Hut  the 
increased  secretion  of  the  thyroid  is  discliarged  not 
externally  but  into  the  blood,  anil  may  poison  the 
patient. 

ACTION    OF    IODIDES    ON    GUMMATA    AND 
ATHEROMA. 

A  similar  increa>e  in  the  thyroid  secretion  may 
be  obtaine<l  by  giving  iodides,  ])ut  apparently  the 
gland  is  not  able  to  utilize  these  as  readily  as  it  does 
iodoform,  for  large  doses  do  not  so  easily  cause 
acute  thyroid  intoxication.  Here  we  find  the  ex- 
planation, so  long  sought  in  vain,  of  the  effect  of 
iodides  on  gummata,  arteriosclerosis,  and  aneurysm. 
The  beneficial  agent  is  really  the  increased  internal 
secretion  of  the  thyroid  gland. 

Iwo  important  results  of  obser\-ation  and  expeii- 
ment  confirm  this  theory. 

In  the  tirst  place,  in  cases  of  myxiedema,  arterio- 
sclerosis is  early  and  intense.  The  same  is  true  in 
animals  after  iemo\al  of  the  thyroid,  l^iselsberg 
gives  a  number  of  \"ery  conxincing  photographs  of 
intense  atheroma  of  the  aorta  in  his  cretin  lambs 
in  which  the  thyroid  had  i>een  removed  in  early  life. 
In  the  second  place,  thyroid  extract  has  a  wonderful 
power  over  young  connective  tissue,  as  is  seen  by  tlie 
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way  ill  \vlii(  li  it  ;il»(iil>>-  tlic  >iihciitanc<)iis  thickcniiif,'  of 
myxu'domaaiul  (■rctiiii>in.  It  is  not  >ui prising',  tliriv- 
lorc,  that  it  sIhuiI'I  be  aliK-  to  doal  also  with  i,'uniniata 
and  atheroma.  Hy  its  al)Sorptive  elfoct  on  the  athe- 
rnnia,  it  may  work  xnne  improvement  in  aneurysm. 

EXOPHTHALMIC    GOITRE. 

riie  ai;.;nments  in  ta\dur  of  tlu;  hypersecretion 
iheorv  (>t  ihi.-  di-i'a>i'  appi'ar  to  ahnn-t  all  ol)St-i\'er> 
to  Ik-  nf  (>\-er\vlielmini,'  ^trenL,'th.  llie  tliyrnid 
,i.;laud  i>  enlar^'ed  \-a>(u!ar,  and  ^ntt  in  ni't^t  Cii>e.->  ; 
occasionally  it  i-^  normal  in  si/e.  .Uic^^l^copically, 
tl;ea(ini  are  dilateil  and  irrcLrnlar,  and  tlie  cnnl"ni-- 
ttio  \vater\-.  Tlioe  are  ]\\>\  the  change--  >een  in  th'- 
a(ii\(.'ly  secretin^:  lrai;inent  lelt  alter  a  snl)-ti>tal 
tliyroidcctniny.  llie  Cdlldd  cnnlains  too  much 
iodotli\iin  as  compared  witli  the  normal  ,!,'land. 
Tlie  uastini,\  restlessness,  and  (]uick  pulse  may  all 
]>e  leproduced  witli  constancy  in  man  (;r  animals 
hy  tliyroid  fei-dini^.  and  I'xophtlialmos  has  also  been 
obtained  occasinnalK'  in  both  num  and  the  monkey. 
The  bearinir  oi  these  conclusions  on  treatment  will 
U'lW  be  considered. 

PRACTICAL    DEDUCTIONS. 

We  inav  seek  here  to  summarize  the  conclusinn^, 
in  so  far  as  thi-yarc  of  importance  to  the  clinician, 
that  tlie  New  I'hysioloj^y  has  reached.  We  learn 
that  parenchymatous  i^oitre  is  a  liyi)ertropliy  of  the 
thyroid  i^dand,  desi,i,Mied  to  enable  it  to  obtain 
sutVicient  iodine  Irom  the  blootl,  this  element  being 
an  essential  constituent  of  its  internal  .secretion. 
Die  delicienc\'  in  iodine  is  in  some  complicated  way 
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connected  with  the  drinkinij-water.  In  tlie  early 
stages,  iodiiles.  thyroid  ffedint,',  or  probably  iodo- 
form will  work  inipnnement.  and  the  water  should 
be  boiled,  or  the  supply  changed.  Should  operative 
measures  be  adopted,  we  learn  that  the  whole  gland 
vn\>{  not  be  riMUOxed,  or  my\(edema  may  result, 
and  that  the  four  small  parathyroiils  lying  behind 
it  must  also  be  respected,  or  the  patient  may  develop 
tetany.  In  -ome  cases  the  loss  of  the  jnirathyroids 
on  one  >ide  onlv  has  caused  this  unpleasant  st.'quel. 
An  attempt  .muld  therefore  be  made,  in  removing  one 
Idbe  of  the  lliymid  for  goiiie  or  .ideiiomata,  to  lea\c 
the>e  little  glands  intact  and  in  silii,  and  to  prescr\'' 
tlieir  blood-su]ip.ly.  They  will  not  be  injuied  if  the 
po>terior  i)art  ot  the  capsule  of  the  thxroid  is  lelt. 

If  niyxa-dema  or  tetany  do. follow  the  operation, 
thcv  may  be  icmedied  by  thyroid  and  j)arathyroid 
Uicling  respecti\ely.  There  is  some  e\idence  that 
e\'en  the  medical  varietie>  of  tetan\  a!<'  tlue  to  loss  of 
the  internal  ^ecretion  of  the  parathyioids  ;  according 
to  Koclier,  ttiis  has  been  pro\ed  in  the  ca^e  of  the 
tetany  of  picgnancy,  and  other  tibservations  ha\-e 
since  been  made  in  whieh  the  parathyroids  were 
<liseased  when  tetanv  was  pre.-ent.  Parathvtoid 
feeding  should  theielore  be  worth  a  trial  in  such 
cases  also.  Macallum*  re^'onmiends  the  adminis- 
trat'on  of  lalcium  salts,  or  milk,  which  is  rich  in 
calcium  salts.  He  has  shown  e.xperimcntallv,  and 
Kdmunds-^  has  continued  the  statement,  that  lhe.se 
salts    will    cure  tetany.       Thyroid  and  j)arathyroid 

•  Journal  of  F.xterimcntal  Med  .  Ni-w  ^'..rk.  I'jO'j,  vol.  xi.  p.  ii3. 
+  Joutnal  of  Piith.  and  Had.,  dio.  i>.  25S. 
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(^'raftinf,'  lia\e  both  been  undertaken  in  man  for 
<  letinism  and  tetany  respectively,  with  the  idea  ot 
ri'heving  the  patient  from  the  necessity  of  takintr 
drugs  all  his  days.  In  a  few  cases  success  has 
resulted,  hut  unfortunately  the  f^'ratt  becomes 
absorbed  as  a  j^'eneral  rule,  and  soon  ceases  to 
function.  In  a  case  recently  described  by  Brown,  ol 
Mell)ourne,  parathyroid  feerhnf,'  and  calcium  salts 
both  failed  to  relieve  tetany  in  a  patient  who  hatl 
been  treated  by  a  too-extensive  thyroidectomy  for 
( iraves'  disease.  The  in-t;raftingof  parathyroid  ti>sue 
from  doi^'s  and  monkeys  gave  pronounced  relief  for 
about  12  days,  but  she  relapsed  after  each  operation. 
Human  parathyroid  was  then  grafted,  and  tlie  cure 
seemed  to  be  permanent.  I  liave  seen  a  case  appar- 
entlv  cured  by  the  grafting  of  human  parathyroid. 

We  see  also  that  exophthalmic  goitre  is  due 
to  livpersecretion  of  the  iodothyrin,  as  is  proved 
by  the  artihcial  imitation  of  the  disease  by 
excessive  tliyroid  feeding,  l)y  the  excess  of  iodine 
|)  sent  in  the  colloid  in  Gra\es'  disease,  and  liy 
the  character  of  the  histological  changes.  Thus  we  lia\e 
reason  to  exjiect  good  from  partial  removal,  which  has 
been  very  successful  in  tlie  hands  of  Kocher,  the 
Ma\-os,  and  others.  It  would  be  reasonable  also  to  try 
the  effect  of  iodine  star\ation,  by  eliminating  vege- 
tables and  ordinary  tap-water  from  the  tlietary,  and 
substituting  for  the  latter  the  water  of  a  goitre  well. 

Further,  we  are  helped  to  understand  and  to 
lecognize  cases  of  iodoform  poisoning,  and  to  learn 
caution  in  the  use  of  this  drug  on  absorbing 
s'lrfaces.     It    is   safer   in    cliildren    tlian    in    adults. 
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jx-'ssibly  because  tlie  thyroid  in  children  contains 
less  iodine.  It  ouijht  not  to  \>c  used  in  patients 
who  liave  e\er  sliown  a  tendency  to  tiiyroidism, 
k'>\  acute  j>oisoning  or  an  attack  of  (iraves'  disease 
I'e  jirecipitated. 

Finally,  we  obtain  a  clue  at  la^.  to  the  remarkable 
action  of  iodides  in  arteriosclerosis  and  gumniata, 
and  it  is  reasonable  to  hoi)e  that  orj^'anic  compounds 
of  iodine,  which  cau.-e  acute  thyroidism  more  readily 
than  the  alkaline  salt-,  may  be  yet  more  tfiectual 
in  stimulating  the  acti\ity  of  the  thyroid  gland. 
In  fact,  thyroid  extract  itself  may  prove  to  be 
.he  best  remedy  of  all. 

Seeing  that  the  activity  of  thyroid  extracts 
depends  only  on  tlie  iodothyrin,  these  should  be 
standardized  chemically  if  they  are  to  be  given  as 
drugs.  Leading  chemists  now  issue  an  extract  which 
contains  not  Ks-  than  02  per  cent  organic  iodine. 


•  P-  333. 


i(i:i  i:Ki;.\cf:s.* 

Kkm.xri.son.— "  The     'J  hyroid    .aid     P.irathyroid     Glands," 

I'hil.uii  Iphia,    I905. 
.\i.i.i>rT'  s  Svsti:m    ov    MtoitiNE.   vol.  iv.   part,   i 

I'jo-;   Edition   (a   full   biblio^raphv). 
H'NT  A.ND  Sr.iDKL.— •■  Studies  on  Thvruid,"  Hygienic  Labor. 

atrry  UidUt:n  of  I'ltbltc  tit  tilth,   Wa.shin-ton.    1900. 
A.     Kk.ndlk     Short.— Zy^/5^/     Meduo-Chtmtiiical     /ournal, 

ii)io,   p.    122. 
K'e'CiihR,  HhcToK  Macki.nzik — I >i.stussi<)n  on  r..\ophthalmic 

(ioitie,  lint.  M,(l.  /■  iinidl,  I'jlo,  vol.  ii.  pp.  931^  gjj. 


•  Herf.  .,s  ill  tliM  ..t!-..  r  chapfrs.  uifuuas  art-  given  onlv'to  a 

lew  dicrbiblt'  ant!;,  riti.v.  m  wl.ich  a   fiJli-r  Libliograi  hy  vmII  be 


1 


■;-^cs;'y--.t^j^ 


^PP 


.I.*.', 


IS 


ll 


p 


.1 


CHAPTER  II. 
THE     PITUITARY    GLAND. 

Tlio  cffi-cts  of  roiiir)\al  in  .iiiiiii.ili — Inji-cti'ii  <>i  rxtr.irts — 
Pituitary  fccdiiit; — AriMiuff^alv  and  yii^.inti^in  —  l-rolilicli-.  t\|>i' 
—  I'lnicti'iiii  of  llie  pituitary  inland — rturapiutir  \,iluc  ■  f  lutuitarv 
extract. 

IT  will  be  remembered  that  this  ^land  is  loil'i^'ed 
in  the  sella  turcica  of  the  cranium,  in  an  exceed- 
ingly secluded  position  in  the  body,  and  it  is  only 
recently  that  its  (unctions  have  been  recognized. 
It  may  be  that  the  interestin.y  researches  of  Scliafer, 
Paulesco.  Gushing,  and  others,  will  pro\e  to  have 
o])ened  up  a  very  important  and  useful  chapter  in 
medicine  as  well  as  in  j^hysiology. 

The  gland  consists  of  two  distinct  portions,  anterior 
and  ])osterior,  closely  fused  in  man,  but  with  a  well- 
marked  line  of  junction  in  the  dog.  The  anterior 
part  is  glandular  in  structure,  consisting  of  colunms 
of  epithelial  cells  wliich  generally  contain  colloid. 
In  young  animals  these  cells  line  tubules  ;  later, 
the  central  lumen  disappears.  Large  l)lood  sinuses 
are  present.  The  posterior  lobe  consists  of  vascular 
neuioglia.  IVtween  it  and  the  anterior  lobe  is  a 
cleft  containing  glairy  fluitl.  The  anterior  portion 
is  derived  from  a  pit  in  the  dorsal  wall  of  the  pharyn.x 
of  the  embryo  ;  the  posterior  is  budded  out  from 
the  brain.  We  are  thus  prepared  to  expect  a 
ditferetire  in  fup.rtion. 
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All  the  ductless  glands  arc  sHidiod  l)y  four  methods. 
We  li;ivo  to  find  tlio  effects,  firstly,  of  removal  in 
animals;  and  secondly,  of  the  injection  or  ingestion 
of  extracts.  We  ha\e,  t  hi  idly,  to  make  chemical 
analyses  of  the  extiacts,  to  isolate  any  active  principle. 
I*"inally.  a  clinical  study  of  symptoms  in  man  associ- 
ated with  any  alinoinialities  ol  the  gland  may  Ik- 
expected  to  throw  a  light  on  the  problem,  and  the 
effect  of  treating  the>e  conditions  will  also  need  to 
be  known. 

These  are  here  set  forth  in  the  rational,  not  in 
the  historical  order.  It  may  be  >aid  at  once  that 
the  active  principle  or  principles  have  not  yet  been 
isolated. 


THE  EFFECTS  OF  REMOVAL  OF  THE  PITUITARY 
GLAND    IN    ANIMALS. 

It  is  so  difficult  to  remove  the  organ  from  its  well- 
concealed  nest  that  the  earlier  published  results 
inspired  n-i  confidence.  It  was  said  that  the  animals 
died,  but  tiie  injury  to  vital  structures  was  necessarily 
great,  and  it  has  been  remarked  that  the  result 
would  probably  have  been  e(]ually  fatal  if  the 
operator  had  removed  the  dorsum  sell.'e  instead  of  the 
gland  !  F>ut  the  careful  and  repeatetl  observations 
of  I'aulesco  on  twvnty-two  animals,  and  of  Gushing 
on  about  loo  puppies,  have  completely  established 
conhdence  in  the  statements  now  before  us. 

It  is  proved  that  removal  of  the  anterior  lobe  alone, 
in  dogs,  produces  just  as  much  effect  as  removal  of 
the  whole  gland,  but  that  a  removal  limited  to  Uie 
posterior  lobe  causes  no  symptoms  at  all. 
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The  aiiiiiuil,  after  a  total  removal,  shows  no  devia- 
tion from  the  nijnnal  for  a  period  wiryins  from  thirty- 
six  hours  to  two  weeks  after  the  ojieration.  Then 
it  beccMiies  unsteady,  there  is  aiching  of  the  back, 
low  temperature,  sliivering,  and  death  in  uncon- 
sciousness. 

Cushing  has  found  it  possible  to  effect  partial 
removals  of  the  anterior  lobe.  In  young  animals, 
the  result  , is  that  an  "infantile"  type  is  main- 
tained, and  tlie  secondary  sexual  characters  do  not 
develop.  In  older  animals,  the  genitals  atro})hy, 
and  they  get  \ery  fat.  He  gives  very  convincing 
photographs  showing  that  the>e  changes  are  c]uite 
marked. 

INJECTION  OF  EXTRACTS  OF  PITUITARY  GLAND. 
PITUITARY    FEEDING. 

Injection  of  extracts  of  the  anterior  lobe  causes 
no  evident  results.  Injection  of  extracts  of  the 
posterior  or  nervous  lobe  causes  quite  constantly  a 
prolonged  rise  of  blood-pressure.  Not  only  the  blood 
vessels,  but  all  varieties  of  unstriped  muscle,  are 
stimulated  to  contract  Peristaltic  movements  are 
set  up  in  the  bowel,  and  the  bladder  and  uterus, 
whether  pregnant  or  not,  also  contract. 

Pituitary  feeding  in  man  causes  diuresis.  Indeed, 
it  is  said  to  be  our  best  available  diuretic,  and  is 
now  on  the  market  for  that  purpose.  Its  effect 
is  better  seen  when  the  urinary  flow  is  diminished 
than  wlien  it  is  normal. 

Pituitary  feeding  in  young  rats  causes  an  exaggera- 
tion  ui    ilicii'  grovvti'i.     Ill    tliis  case  it   is  not   tlic 
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|)osterior   l>m    tlir   anterior  or   ^'landular   lol>e   that 
i>  concerned  (Sdiiifer). 

CLINICAL  RESULTS    OF  LESIONS  OF  THE 
PITUITARY    GLAND. 

It  is  well  known  that  the  somewhat  rare  diseases 

acronie,!4aly    and    /,'i,t,'antisni,   are   generally   hut    not 

([uite     invariahly    associated    witli    enlargement    of 

the  pituitary  gland,  which  has  usually  l>een  a  simple 

o\ergrowth,  although  later  adenoma  or  fibrosis  may 

have  developed.     Whether  acromegaly  or  gigantism 

will  result   apjiears  to  l)e  principally  a  question  of 

the  age  at  v  hich  symptoms  commence.     If  tliey  have 

their    onset    before    growth    ceases,    gigantism    will 

result.     The  skulls  of  most  of  the  classical  cases  of 

gigantism,     including     Patrick     O'Byrne.     Hunter's 

famous  giant,  and  Patrick  Cotter,  the  Bristol  giant, 

have  enorr"')U5  selLe   turcica'   to  accommodate  the 

enlarged  pituitary  gland.     It  is  probable  that  giants 

usually  suffer  from  acromegaly  as  well.     Tliere  are  two 

authentic  casts  preserved  m  Bristol  of  Patrick  Cotter's 

hand,  one  of  which  is  much  larger  than  the  other. 

indeed  it  is  colossal,  measuring  12  inches  from  wrist 

to  tingcrtips,  whereas  the  earlier  cast  measures  only 

II  inches.     His  shoes,  which  are  also  preserved,  are 

IS  in.ihes  h>ng.     It  is  therefore  clear  that  although 

he  was  7  ft.  10  in.  high,  his  hands  and  feet  were  large 

out    of  all   proportion,   and   that   the  hand   ra-^'.dly 

increased  in  size  between  the  taking  of  the  fjrst  and 

second  casts.     The  lower  jaw  was  enormous,  and  out 

of  all  relation  to  the  rest  of  the  skull.* 


*  K.   Fa-vcctl,  J  OUT.   Knyal   .inihraf:!' 
xx\i\.  p.  196. 
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Assctciatcd  with  llu-  fiilarm'*!  boiu-s  of  the  face, 
hands,  and  ftrt  sctn  in  acionicij.ily  tlu-rc  aic  in  ><>nio 
casts  other  features  :  the^e  are  f^lycosuii.i,  amen- 
orrhtea,  impotence,  and,  in  the  younf,',  faihne  of  the 
secondary  sexual  characters.  1  he  temiu'rature  is 
subnormal.  This  train  of  symptoms  will  recall  the 
effects  of  total  or  |)artial  rem<i\al  of  the  anterioi 
lobe  of  the  gland  in  animals. 

I'rohlich  and  others  have  shown  that  there  is 
another  ,t,Moup  of  cases,  totally  distinct  irom  acro- 
megaly, but  again  ass<iciated  with  tumours  of  the 
pituitary  gland.  'rhe>e  are  characteri/.ed  b\-  excessive 
tatness,  by  infantile  stature  and  de\clopmcnt.  by  a 
childish  type  of  the  genital  organs,  and  by  al)sence 
of  the  secondary  >e\ual  characters.  It  may  be  that 
we  shall  yet  find  abnormalities  of  the  pituitary  gland 
in  other  varieties  of  infantilism  or  of  adiposity. 

Most  cases  of  ])ituitary  tumour  wliich  have  been 
diagnosed  during  life  have  given  additional  evidence 
of  their  presence  by  inxolving  the  optic  chiasma  and 
causing  blindness  of  tlie  nasal  half  of  each  retina. 

There  are  already  manv  successful  cases  on  record 
of  remo\aI  of  a  tumour  of  the  pituitary  gland  in 
cases  f)f  acromegaly.  .Most  reco\ercd  from  the 
seven'  ojioration.  and  there  was  usually  a  dcfniite 
shrinking  of  the  enlarged  bones.  Tliere  are  also  ca-es 
in  which  tumours  or  cysts  of  the  pituitary  have  been 
removed  successfully  for  iMt'ihlich's  type  of  infantilism 
and  adipcsity  with  bi-temporal  hemianopsia.* 


•  A  list  ol  alxnit  fiftv  opii  itions  for  tumours  of  Iho 
pituit.iry  is  given  by  Ikxk-  [IJiutschc  Ztitschr.  /.  Chniir^. 
lyi  I,  \).  -(SO. 
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III  tu(t  casts  of  acromegaly  tluTC  was  evidence 
that  the  anterior  l(»l)e  was  specially  altected  ;  in  the 
one  it  alone  was  enlarf^ed,  the  posterior  l>eing 
iictrnial  :  in  the  other  it  was  unu>ually  full  of 
>ecretiitn   granules. 

FUNCTIONS  OF  THE  PITUITARY  GLAND. 

I'roh.ihly  it  i.->  >till  too  mmmi  to  endeavour  to  piece 
together  these  highly  interesting  observations.  It 
is  agreed  that  we  must  dissever  in  tola  the  functions 
of  the  anterior  lobe  fiom  those  of  the  posterior.  All 
wt'  kniiw  al)out  tin-  latter  is  that  it  contains  a  principle 
which  will  act  a>  a  diuretic  and  raise  blood-pressure. 

It  i.>  luither  (uiu  hided  that  the  anterior  \ohe  is  a 
vital  oigan,  one  nl  \\ho>e  functions  is  to  preside  over 
the  growth  ot  the  bodv.  When  it  performs  these 
functions  to  excess,  we  get  overgrowth,  as  in  acro- 
megaly and  gigantism.  The  enlargement  of  the  gland 
in  these  cases  is  analogous  to  that  seen  in  exoi)hthal- 
mic  goitre.  In  confirmation  of  tlii>  view  we  have 
the  folI(A\ing  facts:  in  acromegaly  there  is  over- 
growth of  the  anterior  portions  in  most  of  the  cases, 
and  e.xcess  of  ^t-cieting  cells  in  others  ;  young  rats 
fed  on  the  s^land  become  gigantic  ;  puppies  which 
ha\  e  >ulteied  partial  removals  fail  to  grow  ;  removal 
of  a  pituitary  tumour  in  man  causes  shrinking  of 
tlie  enlarged  bones.  We  also  find  here  an  explanation 
lor  the  few  cases  of  acromegaly  on  record  without 
a  large  pituitary,  just  as  there  are  cases  of  (iraves' 
disease  without  an  enlarged  thyroid.  In  both  the 
function  is  exce.ssive,  although  there  is  no  manifest 
swelling  of  the  gland. 
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On  the  other  liand,  Cu-hinf,'  h««Ms  that  the  c;i>cs 
<>1  infantihsni  .iml  a<h|H)Mty  a>s<K:iated  with  nun- 
«level(>i)nient  of  the  >e.\Mal  apparatus,  are  thie  to 
(lehcient  (»r  ab^eIlt  .mm  ictioii  (mm  tlie  ^lund.  iLsually 
in  constHiuence  o|  tuiii-'Ui   formation. 

He  would  furtlier  exphiiii  the  appeara.  'C  of 
impotence,  am«iioiili(ca,  and  subnormal  temperature 
in  acromegaly  by  failure  of  the  secretion  alter  a 
[)eri()d  of  e.xces.s.  Similarly,  Ciravos'  disease  may 
pass  into  my.xa'dema,  h\perthyroidism  ending  in 
hypothyroidisjn.  If  tlii-^  were  so,  liowewr,  one  would 
e.\j)cct  to  find  that  wlien  the  .se.xual  or/^'ans  besi^an  to 
lail  the  bone-<  would  -ct  smaller,  or  at  least  not  con- 
tinue to  enlart^'e.  The  trutli  of  tliis,  liowever,  is  vcrv 
iloubtful  ;    indeed  the  t  ontrary  is  probably  tlic  case. 

THERAPEUTIC  VALUE  OF  PITUITARY  EXTRACT. 

As  practical  men,  what  do  ucgain  by  tiie  researches 
described  ? 

We  are  the  riciier  by  a  new  and  powerful  (huretic, 
which  may  pro\e  itself  as  superior  to  calieine  and 
digitalis  as.  in  anotlier  diiectiou,  adrenalm  is  superior 
to  ergot  and  the  styptics. 

Auoihcr  luld  ol  usetulnes>  may  l>e  found  for 
pituitary  exliact  by  ,:,'i\ing  it  hypodermicalK-  or 
intra\enonsly  to  raise  liie  bluud-pressure  in  surgical 
shock  ;  but  it  remaiii>  to  br  sit-n  whether  it  will 
prove  to  l)c  more  useful  than  saline  injections  contain- 
ing adrcnahn  or  ergot.  The  \a.-ioconstrictor  action 
is  much  more  proloiigotl  than  that  pnKhiced  by 
adrenalin,  and  .some  good  clinical  reports  of  its  value 
Ii;i\'o  been  p'.i!)!!>ho'.i.      It  is  iv)  use  to  reni-a!  fl'.e  f|n~.»> 
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uilliiii  .111  hour  or  twi),  UraiiM'   tlio  ;  .-corid  mjectinn 
pKHluco  III)  I  i>c   Inn  «\cii  a  fall  oj  hlfMHl-prc.sure. 

It  will  Ik_'  !,'atli<"icil  that  f)ituitaiv  extract  should 
Hot  bv  ^wrn  for  ac  loint'/^Mlv  or  gif,'aiUisin,  just  a> 
tliNToid  extract  must  not  be  ^iven  for  (Iraves'  disease, 
«>r  It  may  make  matters  wmse,  and  cases  are  on 
record  in  wliich  this  lias  actually  happened;  on  the 
other  hand,  there  is  no  convincing  clinical  evidence 
that  i)ituit.iiy  extract  will  cure  acromegaly. 

There  i-^,  liowever,  a  prospect  of  relief  t\>r  suflerers 
from  aciome,L,'aly  and  gigantism  by  opcr-'ive  inter- 
ference. An<l  tinally,  we  have  the  hope  set  Ix'fore 
Us  that  pituitary  extract  may  be  the  specific  for 
infantili.^m  and  adiposity,  and  e\en  achl  inches  to 
the  stature  of  our  fliminut''.e  youths  and  maidens. 
If  so,  Mi.  H.  (,.  Wells'  "Food  of  the  Gods"  is 
alieady  on  the  market  !  I'or  this  {impose  the 
aiitiiior  [KUi  of  the  gland  will  need  to  l)e  u.sed. 
whereas  tor  [he  duuetic  anil  \  asoconstrictor  effects 
the  posterior  lobe  is  required. 

I^xtract  of  the  posterior  lobe  i>  being  tried  in 
obstetrics  and  gyn.ecology  as  a  sub.->titutc  for  ergot. 
its  action  on  the  musculature  and  blood-vessels  of 
the  uterus  being  very  similar. 
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STUDIES    IN    DIGESTION    AND 
ABSORPTION. 

'I'  •  pri.rrss  "t  scciTtiMii  nf  s.iln.i — Tlu-  pri.cir>b  of  secretion  nf 
(  ■'iC  jiiic — I'll''  liitluence  "f  .i|ii)etit(: — 1  he  induciiCe  <'f  lilttiTS 
;i  ''  Iccili"!  MiAciuenIs  ■ 'f  tin-  stomarh — S<ns.itiiiii  in  the 
h — (  .iums  uf  \,iii,iti'Mis  in  the  hydr. 'rhliiric  aciil  of  t;.istnc 
jnnf — I'lie  pliysiol'ii-'icil  elfeCts  of  f^.tstr^'-ji  jiiiMstuniy — I-.-edinu 
after  f^.i-^tro^toniv — -  I'he  process  of  secretion  of  pancr<Mtic  juice 
The   lull — rh<    al)Si'r|iti'in   of    peptonized  foods — The    functi  ais 
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ne — The    value  of  nutriiiit  eneinata. 


NO  moio  ix'inarkable  discoveries  li.ue  bet'ii  made 
liv  ilic  modern  scliool  of  ])liysiolot,nsts  ilian 
those  to  lje  related  in  this  chapter.  They  are  of 
rcvolutionarv  importance  in  p]iysi(jIogy,  and  will  in 
time  bear  j)iactical  fruit  in  their  application  to 
clinical  d'a^nosis  and  treatment.  l'robiil)ly  we  do 
not  yet  see  tlie  true  value  of  our  heritage  in  this 
department. 

The  fn;  t  ()ue>tion  whicli  has  now  recci\ed  an  answer 
is  this — Why  do  the  How  of  tlie  salivary,  tlie  gastric, 
and  the  pancreatic  juices  bear  so  dehnite  a  relationship 
to  tlie  takinj.,'  of  food  ?  We  know  that  the  mere 
thought,  siglit,  smell,  or  taste  of  some  foods  calls  fortli  a 
secretion  of  saliva.  Tlie  mischievous  errand  boy  acts 
on  that  pliysiological  principle  when  he  shows  a  lemon 
to  a  Cicrnian  band.  In  the  same  way,  a  flow  of 
the  otlier  digestive  thiids  is  }»ro\()ked  by  taking 
certain  foods.     I'awlow  has  demonstrated  in  the  dog 
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;i  very  remarkable  illu>tratii)n  of  adaptation  of  the 
sali\a  to  tin-  foofl  supplied.  Meat  calls  f(jrth  a  viscid 
iDUcons  sali\a,  to  assist  in  -wallowing.  Biscuit 
excites  a  watery  fhnv  c  iitainini;  ni<jre  ptyalin. 
Sand,  wliicli  will  be  spat  on  ,  f.-okts  a  ci-{)ious  watery 
secretion. 

W'f  lia\f  known  foi  half  a  century  that  the 
M-cre'iion  (»f  sali\a  rs  a  nervous  reflex.  The  up  path 
may  be  tlie  nei\es  of  smell,  of  sight,  or  of  taste  ; 
the  down  j)aths  are  the  chordje  tvmpani,  lesser 
■superficial  petrosals,  and  the  sympathetic  nerves.  It 
has  only  lattlv  been  shown  that  the  secretion  of 
gastric  juict>  is,  at  fust,  a  ner\-ous  refle.x  of  which 
tlie  wigus  i>  the  down  path,  but  that  as  the  stimulu.s 
of  appetite  wears  off,  thi^  mechanism  is  replaced  by 
a  chemical  e.\citation  (>i  the  glands.  The  secretion 
of  the  pane  rtatic  juice  is  (ontiolled  from  the  first  by 
a   chemical   messenger. 

THE    SECRETION    OF    GASTRIC    JUICE. 

'I  he  secretion  of  gastric  juice  was  iinestigated  liy 
Pawlow  and  tlie  St.  Petersburg  school  m  a  fa.scinat- 
ing  research  on  dogs.  A  sort  of  gastrostomy  was 
performed  in  such  a  manner  tliat  an  isolated  portion 
of  stomach  was  brought  into  communication  with 
the  surface,  and  shut  off  to  some  extent  from  the 
rest  of  thec.i\ity  of  the  \-iscus.  yet  without  -acrilicing 
its  vascular  or  ner\-ous  supply.  Ihen,  to  avoid  ad- 
mixture of  gastric  juice  with  the  !ood,  the  rcsophagus 
was  flivided  and  brought  out  in  the  neck,  so  that 
food  taken  by  mouth  merely  fell  out  again  in  the 
neck,     (ienuine  feeding  had  t'.;  be  iarried  '  ut  throufrh 
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tlio  ,!4ar>tiiv  ti-tula,  as  in  a  case  of  gastrc-^tomy  tor 
cancer  <>l  llif  iL'>uphagu>. 

It  was  foniid  tliat  (Iv^s  would  snr\ive  tliis  procedure 
for  months  without  sufferint;.  The  etiects  of  feeding 
nn  tlie  flow  of  ga>tric  juice  cduld  easily  be  determined. 
When  tlic  animal  was  sliown  a  saxomv  meal,  not 
(inly  did  In^  eves  s])aikle  and  mouth  water,  l)Ut  the 
stomach  "  \\atered  "  also.  An  e\en  greater  eHect 
was  jnddu*  c'd  by  allowing  him  to  swallow  it,  though 
ot  <  our.--e  it  never  reached  the  stomach.  If,  however, 
he  learned  i>\"  disajiiiointing  experience  that  he  would 
not  lie  allowed  to  partake  of  the  meal  >o  temj)tingly 
di.-played,  he  ceased  to  show  signs  of  ajipetilc,  and 
there  was  no  ilow  of  gastric  juice. 

Section  of  both  \agi  had  the  remarkable  effect  i>\ 
pie\entin,L,'  the  How  of  thi-^  "  appetite  juice,"  bv 
blocking  the  down  jiath  of  the  retlex.  On  thi-  other 
hand,  .-tnnul  ition  ot  the  \'agi  iwith  ccrtai:  precau- 
titms!  induced  constantly  a  flow  of  gastric  juice 
alter  an  inter\"al  of  ?t\-eral  minutes. 

We  ha\e  considered  so  far  the  iwiiaus  regulation 
of  the  tl'iw  of  gastric  juice,  and  now  turn  to  the 
>econd  or  chemical  regulation. 

If  water  wa.-  introduced  dnectly  into  the  stomach, 
a  ^lii;lit  ll'iu  of  gastric  juice  wa.>  excited.  Alcohol 
iiad  no  iiM;i'  I'ltcct  than  water.  Mechanical  irritation 
by  Solid  lii.die>  ]>rodnced  no  flow.  Food  substances 
di>>iil\-,.d  !!i  Water,  sui  li  as  proteins,  starch,  salts,  and 
drug-,  had  r  ■  in>Hv  effect  than  tlie  water  itself.  To 
this  rule  tinii-  were  a  few  signilicant  exceptions, 
j-.xtr.ictive-  (ti'.at  i-.  the  soluble  substances  in  meat, 
( ■  int.iiiictl   in    liroi!!^.  meat   extr-act-^.   etc.)  excite<.l  a. 
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copious  t](.\v.  Dextrin  and  comnicrcial  peptone 
can.-ed  a  smaller  tlow.  It  lias  since  been  shown  l)y 
I'^dkins  that  these  bodies,  by  their  contact  with 
the  mucous  membrane  of  the  pyloric  end  of  the 
stomach,  induce  the  formation  of  a  chemical  messen- 
}.'er,  soluble  in  tlie  plasma  of  the  blood  dx  lymph, 
which  has  the  property  of  exciting  the  acti\  ity  of  the 
secretory  glands  of  tlie  cardiac  end.  To  this  substance 
the  name  of  "  gastrin,"  or  "  gastric  secretion,"  has 
been  given. 

In  considering  the  interpretation  of  these  researches 
we  find  that,  as  usual,  the  scientist  has;  but  furnished 
a  belated  e.':{)lar.ation  of  the  empirical  experience  of 
the  ages.  If  food  is  served  in  an  uninviting  manner 
or  for  any  otlier  reason  is  eaten  witliout  appetite, 
the  proper  reilex  to  excite  the  secretion  of  gastric 
juice  will  be  lacking,  and  dyspepsia  may  follow.  Yet 
the  stimulus  of  appetite  is  not  the  only  means  of 
exciting  a  flow.  The  man  v  ho  rises  from  a  generous 
dinner  has  no  appetite  left,  but  gastric  juice  will 
l>e  needed  in  his  stomach  for  two  or  three  hours  to 
come,  in  order  to  deal  with  the  food  p-esent.  Nature 
has  adopted  the  beautiful  device  that  when  the  tirst 
push  ()f  juice  produced  by  the  relish  with  which  the 
food  was  taken  has  ceased  to  flow,  the  soluble  ex- 
tractives which  always  accompany  a  tlesli  diet  shall 
be  used  to  call  fortli  a  further  supply.  As  long  as 
any  of  the.-e  bodies  are  to  be  found  in  the  stomach, 
so  long  will  suflicient  gastric  juice  be  forthcoming. 
When  the  stnmacli  is  empty,  the  tlow  ce;L<es.  We 
>ee  here  the  rational  explanation  of  the  ordering  of 
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in  (■.\li.i(ti\t'>.  tn  (.'\Litt'  a  .secretion  hy  clieniical 
means  e\'en  when  the  appetite  is  deficient.  Next 
aie  put  on  the  table  the  lighter  and  more  (li,!<c.stible 
fi^.li  and  poultry.  'I'lien  comes  the  roast  or  boiled 
licef,  the  item  which  will  ta.x  most  the  power  of  the 
i^Mstric  piice  to  deal  with  it.  The  courses  which 
lollow  d'l  not  depend  >o  niucli  on  t,'astric  as  on 
jiancreatit.  di,ue.->tion. 

Pawlow  and  his  fellow -wr)rkers  ha\e  ^lu)wu  further 
that  the  (juaiitiiy  of  !M>tii(  juii  e  and,  e->pecially.  the 
amount  ot  pejv-in  that  it  (oiitains  bear  a  remarkable 
lelation-hip  in  the  natiuc  ot  tlie  diet.  .\  meat  diet 
calls  fnitli  the  mo>t  powerful  secretion,  and  a  milk 
<liet   the   weakest. 

When  wr  lenieinber  that  ferments  such  as  pepsin 
are  hi-hl\'  idmple.x  .ind,  >o  to  speak,  \erv  e.\}>ensi\e 
bodies,  it  Incomes  clear  wliy  weakh'  people,  con- 
valescents, fe\-er  j)atients,  and  dyspeptics  may  do 
\ery  much  better  on  a  milk  diet,  wliich  makes  small 
(K'lnands  <>n  the  pepsin,  and  why  tliey  hnd  meat 
una})j)eti/in,i;  and  iniligestible,  seeing  tlial  thev  cannot 
afford  to  pro\  ide  for  its  efficient  disintegration. 

F.et  u>  now  look  at  tlie  effects  of  those  few  simple 
remedies,  the  bitters,  alkalies,  acids,  and  alcoholic 
piel>a  rat  Mil.-,  w  Inch  e\e!y  practitioner  must  occasionally 
prescril>e.  Not  one  of  these  substances,  when  intro- 
duced by  l\iw low's  listuia  chrectly  into  the  stomach, 
excites  any  i^ieater  flow  of  gastric  juice  than  docs 
[)lain  cold  water.  Some  of  tliemare  actually  harmful 
m  the  stouKicli.  Alcoliol  and  l)iiters,  if  present  in 
any  (pi. unity,  diminish  tlie  actixity  of  the  gastric 
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the  hydrochhuic  acid  of  the  gastric  juice,  bring 
(iigotion  to  a  standstill.  Vet  an  alkaline  gentian 
or  other  bitter  mixture  has  been  the  comfort  of  the 
ily-peptic  for  centuries. 

The  e.xplanation  lies  here.  The  alcohol  or  bittei 
produces  it>  beneficial  effects  in  the  mouth,  by 
exciting  appetite  juice  retlexly.  When  it  ha-. 
Ix-en  s\vall"\ved,  it  doc>  mi>re  haiiii  than  good. 
The  expedient  at  once  suggests  itself  that  it  would  Ix* 
better  therefore  to  use  the^e  time-honoured  remedies 
as  a  mouth-wash,  witlioui  swallowing  tiiem.  But 
probal)lv  few  phvsicians  would  venture  to  prescribe 
for  the  >quire  that  he  >hnuld  take  his  bitter  beer  in 
ihal  manner  I  .\nd  in(lee<l  there  is  reason  to  believe 
that  the  treatment  would  fail.  Ii\en  I'aw low's  'logs 
no  longer  troubled  to  ])roduce  any  appetite  juice 
when  thev  learned  that  they  wouM  not  be  allowed 
to  enjoy  the  covetcl  dainties.  It  is  a  much  soundei' 
<  <inclu-ii>ii.  that  it  is  futile  to  give  bitters  in  p-ill 
liiini,  Vet  this  mistake  is  commonly  made. 

With  refe-eiice  to  the  itlaii\e  \alue  of  acids  and 
alkalies,  probaljly  we  have  been  in  error  in  the  past  in 
gi\ing  either  a>  a  routine  to  the  exclusion  of  the  other. 
Hvdrochloric  acid  is  indicated  when  the  gastric  juice 
is  deficient  therein,  as  in  cases  of  atoiuc  dyspepsia 
or  carcinoma  of  the  stomach  ;  in  cases  of  gastric 
ulcer,  or  in  young  people  with  ('xcessi\e  acidity  of 
the  gastric  juice,  alkalies  will  be  more  useful,  es{)e- 
cially  if  combined  with  some  insoluble  oxide,  such  as 
magnesia,  to  prolong  the  effect. 

It  has  been  thought  that  any  virtue  of  alcohol  in 
the  treatment  of  dyspepsia  lay  in  its  pijwer  to  promote 
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thf  ;il.srii ption  of  peptones.  Not  only  is  this  untrue. 
l)Ut  as  we  ^li.'iU  see,  pcpioncs  are  not  ab-orbcl  at 
all  in  the  stomach,  nor  indeed  anywhere  else. 

It  i^  not  iluay<  sal'(.'  to  ai,L,'ue  tiom  doL,'s  to  man. 
antl  Diekel  deejaies  that  a'cohol  has  -onie  power  to 
produce  a  fl'iu  of  gastric  )ui(e  when  phued  into  the 
stomach  throii^di  a  ,i:a.>ti(>.--tomy  wound  in  the  luunan 
sulijei  t.  The  experiment,  h()we\"er.  i-^  l)eset  with 
fallacies,  and  it  is  not  clear  that  he  was  successful 
m  ehminatnit:  them  all  ;  for  instance,  the  substance 
inu>t  be  intidduced  without  the  knowiedi^'e  of  the 
patient  ;  he  mu.->t  not  smi!'  or  see  it  ;  and  it  must 
be  proNcd  that  the  flow  is  ;.:reater  than  that  set  up 
l>y  watei'  He  als'j  states  that  condiments  such 
as  mustard  and  pep]»er  increase  the  flow  of  gastric 
juice  by  duect  action.  liul  none  of  these  bodies 
ha\"e  anythinc:  like  the  pro\ed  ellicacy  and  power  of 
meat   c.\tract>. 

I'ats  and  oils  exert  a  'powerful  inhibitory  effect 
on  1,'astric  secretion  (Pawlow).  Strong  irritants,  such 
as  absolute  alcohol,  cau^e  a  \ery  prolur-e  protecti\"C 
outpourinij  ot   mucus. 

MOVIZMENTS    OF    THE    STOMACH. 

It  i>  po.-,>iiiIe  to  study  the  shapes  assumed  by  the 
stoinach  after  a  meal,  and  its  peristaltic  muvement.->, 
bv  N\atchin,g  or  plioto.uraphmg  with  the  .v-rays  animal-- 
or  men  fed  with  milk  or  ma>he<l  {>otato  containing,' 
bi'-mmh  salts,  l-'or  this  purpo.->e  the  subnitrate 
shouUl  be  avoided,  as  lar,L;e  doses  ha\"e  caused  nitrite 
I'oisoniim.      It   has  been  ^hown   by  Cannon   and   by 
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by  a  strong  contniction  ring  from  the  fundus  ;  the 
latter  l)eing  distendetl  and  gl<jl)ular  whilst  the  pyloric 
antrum  is  tul)ular.  Forrnalin-hardened  bodies  often 
show  a  similar  disposition,  but,  as  Hertz  has  proved, 
this  separation  into  two  portions  does  not  always 
take  place.  The  cardiac  end  acts  as  a  reservoir, 
while  the  muscle  of  the  pyloiic  end  is  principally 
concerned  with  driving  the  food  through  the 
pylorus. 

The  general  trend  of  gastric  movements  is  as  follows. 
Soon  alter  food  is  taken,  the  muscular  wall  of  the 
stomach  is  thrown  into  contractions,  starting  from 
the  cardiac  end,  and  the  contents  are  hurled  rc{)eatedly 
from  left  to  right  against  the  tight-closed  pylorus. 
At  length,  when  the  fluid  mass  impinging  on  it  is 
thoroughly  impregnated  with  acid,  the  sphincter 
yields  momentarily,  and  allows  a  little  to  pas>  through. 
This  process  continues  untd  the  stomach  is  empty. 
Solid  pellets,  such  as  bisnmth  pills,  are  not  readily 
allowed  to  escape,  and  a  bread  mi.xture,  which 
normally  began  to  jiass  into  the  duodenum  fifteen 
minutes  after  eating,  was  delayed  for  o^•er  forty 
minutes  wlu-n  the  pills  were  given  with  it. 

When  the  stomach  is  empty  the  pylorus  is  relaxed, 
but  (juite  energetic  gastric  peristalsis  continues  to 
take  place.  It  is  probal)U'  that  these  movements  give 
rise  to  the  gastric  sensation  which  we  call  hunger 
(Ht'itz).  Bile  and  duodenal  contents  readily  pass  in 
and  out  again  without  exciting  any  discomfort. 

It  is  interesting  to  note  that  ("aimon  and  Murphy 
ha\-e  found,  it  the  jejunum  is  cut  across  near  the 
upper  end  allvi  then  ^ulllu■d,  lluil  the  p\luiUM  lemaiii^. 
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tiiilitly  <l'i-<-(l  lor  almiit  six  Iiriur>.  until  siuii  time 
as  lirm  ( tiiuMitiiif,'  of  tlie  wound  lias  takers  place, 
lucn  if  tood  was  ^iven.  the  same  effect  was  seen. 

Skia!,'ia|iliy  of  the  stomach  after  a  bismuth  meal 
has  now  attained  a  hij^di  pitch  of  perfection,  and 
tutnishf'-  (1^  with  our  m<ist  reliable  means  of  diaj^'iiosin;:,' 
liour-:;las>  Dntractimi  or  simi)le  dilatation.  I'hoto- 
,i;ra|ihs  should  be  taken  just  after  swallowin!,',  and 
a^^aui  after  se\eral  hours  have  elaf)sed. 

SENSATION     IN     THE     STOMACH. 

In  ins  recent  (ioul^tonian  lecture,  Hertz  sliows 
that  the  sensory  fundions  of  the  viscera  are  much 
more  limited  than  tho>e  of  'he  skin.  The  stomach 
dots  not  jiossess  any  temperatuie  sense  or  any 
tactile  sense,  nor  is  cuttinj,'  pamful.  The  feeliiiLr  of 
heat  or  cold  after  swallowint,'  liipiids  is  appreciated 
by  the  lower  end  of  the  (esopha|,'us.  Temperature 
and  tai  tiU'  >ense  are  (piite  well  develo|x-d  in  the 
u>opliaL,'Us,  and  localization  is  very  accurate— seldom 
mop'  than  an  inch  out. 

Hydrochloric  acid  may  be  poured  into  the  stomach, 
•  ither  throut,'h  a  stomach-tube  or  gastrostomy 
wound,  without  producing  any  sensation  at  all, 
t  Veil  if  the  jiercentage  rises  to  0-3  or  even  2,  and  this 
is  true  also  in  cases  of  gastric  ulcer.  Alcohol  does 
excite  a  burnmg  feeling.  Distention  of  tlic  stomach 
causes  a  sensation  of  fullness  ;  the  amount  of  dis- 
tention necessary  depends  on  the  tonicity  of  the 
castric  muscles.  Gastralgia,  whatever  its  cause,  is  due 
to  colicky,  irregular  contractions  of  the  muscle,  the 
P3luius  lemaining  closed.     Tiiere  is  often  a  referred 
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pain  or  toiulemcsb  in  the  cutaneous  area  also.  The 
pain  of  |H'ritoniti>  is  probably  quite  a  difterent  thing. 
St  nsation  in  the  intestine  coriesjKmcls  closely  in  its 
phv>ioloj,'y  with  sensation  in  the  stomach.  The 
anal  canal,  however,  can  detect  thermal  and  tactile 
stimuli. 

VARIATIONS    IN    THE    HYDROCHLORIC    ACID    OP 
THE    STOMACH. 

Thus  far  we  have  concerneil  ourselves  particularly 
with  the  production  of  f)if>stn  in  the  ga^^tric  juice, 
and  its  [)hysiolorjical  variations  in  (piantity.  It  will 
repav  study  to  in(piire  also  into  the  Ix-haviour  of 
the  hydrochloric  acid.  The  amount  normally  present 
as  free  HCl  is  given  differently  by  different  physiolo- 
gists, some  following  T<')pfer  and  relying  on  amido- 
azo-bcnzol  as  the  indicator,  others  using  the  more 
accurate  Imt  somewhat  tedious  method  of  Willcox.* 

The  contradictory  results  obtained  by  various 
workers  are  worthy  of  explanation.  The  significant 
figure,  the  o-2  per  cent  of  HCl,  means  {a)  HCl  which 
has  already  got  to  work  on  and  combined  with 
protein  in  the  food,  In^clhcr  -u  '■  {h)  any  free  HCl  still 
unattached.  Obviously,  a  larger  or  more  albuminous 
test-meal  would  reduce  the  free  HCl  still  further  in 
any  stomach,  however  normal  the  acidity.  In  spite 
of  this,  some  still  prefer  to  estimate  the  free  HCl  and 
to  regard  it  as  the  significant  figure  ;  they  take  the 
normal  to  be  002  per  cent  after  a  test-meal,  the 
remaining  018  having  combined  with  the  food. 

The  totid  acidity  of  course  includes  lactic  acid  and 
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any  otlu-r  ft'imentatiiMi  acid-.  aKo  acid  phosphates, 
and  is  of  no  f^'it-at  irnporlanco. 

Thf  most  icliablf  tt-^t  for  the  |)r('>oncc  of  HCl  is 
(iunslH-ii^'s  (pliloKi/^hicin  and  vaniUm)  :  this  is  too 
well  known  to  need  description.  It  is  merely  a 
qnalitati\'e  tot. 

liy  whidiever  method  the  estimatii>n  is  made,  it 
would  ajjjiear  that  diet  exercises  little  or  no  effect 
on  the  jHTcentai^'e  of  active  livdrochloric  acid, 
although  It  so  markedly  affects  tht>  pej)sin,  as  we 
have  se(Mi.  Ne\tM theless.  the  jHTCenta^'e  of  acid  is 
liable  to  change,  and  the  chanj^es  are  of  .qreat 
value  tor  both  diai,'nosi>  and  treatment. 

Increased  relative  amount  of  HCl  is  |)articularly 
conuuon  in  tjastric  uher,  so  nnich  so  that  an  analysis 
of  a  te>t meal  i>  of  diagnostic  importance.  It  is 
also  seen  in  duodenal  ulcer,  and,  as  has  recently  l)een 
I>ointetl  out,  inmany  otliei  aftectiousof  thealimentaiy 
canal,  such  as  aj)pendicitis.  It  is  ])rol)able  that  the 
cases  whitli  have  1  een  (liai,'nosed  as  simple  hyper- 
chlorhvdria  ha\e  u-ually  some  latent  disease,  if  not 
in  tlic  stoUKU  h  oi  (luo(U-n\un.  then  in  tlie  .t^all-bladder 
or  appendix,  and  reuxtval  ol  the  oftendin.i,'  orijan  will 
cuu'  the  h\peiihloiliydri.i.  The  characteristic:  sym- 
l>tom  ol  till-  condition  is  "  hun.u:er-pain."  that  is, 
a  lii'liii^'  ot  .unawini;  ol  the  stomaih,  which  may 
be  only  a  disromfoit  or  m.iy  amount  to  positive 
p. tin  It  o((Uis  two  or  three  hours  alter  a  meal, 
and  rs  lelieved  by  lood  or  alkalies.  It  is  probably 
din'  to  the  spasmodic  contiaction  of  tlie  pylorus  set 
uj)  b\  the  acidity.  Another  view  is  tliat  it  is  caused 
b\-  incipient   self-dii^'Cstion  of  the  stomach.      1  hib  is 


AND    AIKSOHITIUN 


87 


normally  giiank-d  against  by  an  anti-pepsin  in  the 
mucous  memlnane  reversing  the  activity  of  the 
gastric  juice,  but  the  continual  presence  of  an 
abnormally  powerful  combination  of  acid  and  jH'psin 
breaks  down  the  resistance,  just  as  is  seen  in  an 
exaggerated  degree  when  a  liealthy  man  dies  suddenly 
during  tlie  procos  of  digestion  ;  tlie  sui)ply  of  anti- 
pcpsin  fails  with  the  circulation,  and  a  big  hole  is 
diss«»lvetl  through  the  stomadi  wall  post-mortem. 
It  is  highlv  jHdbable  that  hyjHMchlorhydria  is  a 
cause  as  well  as  a  ccmseijuence  of  gastric  ulcer  ; 
tertaiiily  it  deternunes  the  i)eculiar  punched  -  out 
(haiacter  which  tlie  typical  round  ulcer  assumes. 
It  is  significant  tliat  more  than  one  such  leMon  is 
fie(iuently  present,  as  though  the  excessively  acid 
juice  resulting  from  the  irritation  of  some  initial 
abiasion  nad  not  only  decj)ened  that  lesion  into 
an  ulcer  but  had  determined  the  formation  of  others 
also.  It  is  again  significant  that  the  typical  punched- 
out  ulcer  occurs  just  wlure  the  acid  lias  access,  and 
nowhere  else-  at  the  lower  orifice  of  the  (esophagus, 
in  the  stomach,  and  in  the  first  two  inches  of  the 
duodeiuiin,  while  in  the  jejunum  it  is  unknown 
except  at  tlif  site  of  a  previous  gastrojejunostomy 
opening,  and  not  e\en  then  tmless  this  oj^eration 
has  failed  to  cure  the  hyperchlorhydria,  which  usually 
means  th:>t  the  orifice  was  too  small  or  badly  placed. 
Another  evil  consecjuence  of  exce>sive  HCl  is  spasm 
of  the  pylonis,  which  may  lead  to  dilatation  of  the 
stomach.  A  curious  and  suggestive  symptom  is 
pyrosis,  a  periodical  copious  secretion  of  saliva  prob- 
ably designed  to  ricutralizc  tlie  acidity  v.  uen  swaisowcu. 
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In  infiints,  Willcox  and  K.  Miller  have  stated  tliat 
tliPto  are  tun  tyjM-s  (»f  dys|H'{»sia  causing  pain, 
wasting,  voniiting,  and  Cfiiistipation.  One  is  con- 
genital stenosis  of  the  pylorus,  in  \vhi<:h  the  HCl  is 
sul-iiornial  hut  the  pepsin  ^vvhilh  may  Ik.*  conveniently 
tested  by  the  curdlint;  ettect  on  milk)  is  excessive  ; 
and  muiin  is  also  in  excess.  The  oilier  is  "  acid 
dvspep>ia,"  in  which  the  IK  1  is  excessive  and  the 
ferments  are  subnormal.  In  this  case  jHTistaltic 
waves  may  be  seen,  but  the  pyloric  tiuiiour  is  not 
felt.  The  pnii,'nosis  is  very  nuich  l)etter  than  in 
congenital  stenosis,  and  operation  is  not  needed  as 
it  so  often  is  in  the  more  serious  coinlition. 

l£nouf,'li  has  been  said  to  show  tliat  hypcrchlor- 
hydiia  and  its  advertisement.  "  hunger-pain,"  are 
more  than  an  inconvenience  to  the  patient  ;  they 
are  in  many  cases  the  con.sequcnce  and  in  other  cases 
the  precursor  of  serious  organic  mischief  which  may 
lead  to  dilated  stomach,  to  chronic  gastric  ulcer — 
which  in  its  turn  is  \cry  apt  to  become  malignant — 
or  to  an  abdt)minal  catastrophe  from  j>erforation  of 
the  stomach  or  duodernmi. 

Medical  means  will  often  give  a  large  measure  of 
relief.  Taking  food,  and  especially  a  hard-boiled 
egg,  when  the  pain  comes  on  will  generally  abate  the 
symptoms.  Alkalies  are  indicated,  especially  mag- 
nesia, which  has  two  advantages  :  it  does  not  dis- 
solve and  exert  all  its  effect  in  a  few  minutes,  and  it 
does  not  give  off  carbon  dioxide  as  the  carlwnates  do. 
Tlie  bismuth  lozenges  of  the  B.P.  are  convenient 
to  carry  and  very  successful  in  stopping  the  dis- 
comfort.    We     will     barely     mention     such     useful 
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measures  as  rest  in  Ix'd,  tnilk  diet,  and  lavage.  I'awlow 
on  theoietical  grounds  ret  oniinends  fats  and  oili  to 
check  the  H«>\v  of  the  gastric  juice.. 

If  these  means  are  not  successful,  it  is  very  desirable 
to  jH-rform  hiparotomy  an<l  to  explore  the  stomach, 
duodeniuii,    apiKMidix,   and   gall-bladiler.     If   gastric 
or  duodenal   ulcer  is  present,  gastrojejunostomy  is 
of    course    indicated.     If    no    abnormality    can    be 
discovered  in  either  stomach  or  duodenum  without 
ojx^ning  into  th'^m   (which  is  seldom  if  ever  called 
for),  it  may  l)e  that  some  adhesions  or  kinking  of  the 
appendix  may  Ix)  found,  and  removal  of  the  organ 
will  effect  a  cuie  in  many  of  the  cases,  but  not  all. 
Paterson  cured  17  out  of  24  cases  of  epigastric  pain 
in  which  the  stomach  and  duodenum  were  normal 
but  the  apjxndix  was  diseased  ;    the  Mayos  in  similar 
cases  cured  84.  and  greatly  improved  7,  out  of  it5. 
It  might  be  well  to  do  a  gastrojejunostomy  at  the 
same  time  ;    one  of  Paterson's  failures  was  subse- 
quently relieved  by  this  means.     This  ojwration  will 
often  lead  to  a  jx-rmanent  cure  of  pain,  vomiting,  or 
hamatemesis,  even  when    no    abnormality   can    be 
found.     The  important  p<3int  is  that  it  is  not  right 
to   do   the   sh(jrt-circuiting  oj>eration   on   a   normal 
stomach  without  also  exploring  the  appendix  and 
gall-bladder.     Soltau    Fenwick    states    that    of    112 
cases  of  hyixrchlorhydria.  in  34  the  stomach  and 
duodenum  were  nonnal  ;  in  22  of  these  the  appendix 
was  at  fault,  and  in  12  gall-stones  were  present.     In 
9  cases  appendix  trouble  complicated  gastric  or  duo 
denal  ulcer.    In  (/i  patients  an  ulcer  was  present  in  the 
stomach  or  duodenum  ;  4  of  these  were  malignant- 
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Hydrochloric  Acid  Deficient. — It  is  well  known  that 
the  HCl  in  tlie  gastric  juice  is  deficient  or  absent  in 
cases  of  cancer  of  the  stomadi,  hut  the  practical 
\ahie  of  tliis  is  lessened  by  tlie  fact  tliat  old-standing 
gastritis,  or  cancer  of  other  organs  than  the  stomach, 
may  abolisli  tlie  HCl.  On  the  other  hand,  cancer 
more  often  than  not  is  preceded  by  ulcer,  and  there 
will  be  a  stage  in  which  the  hyper'-hlorhydria  has 
not  yet  j)assed  off  altliough  cancer  is  already  present. 
Nevertheless,  we  cannot  afford  to  neglect  the  cliemical 
lest  in  the  diagnosis  (jf  cancer  of  the  stomach,  as  the 
other  early  signs  are  often  e(jually  t'ubious. 

THE    PHYSIOLOGY    OF    GASTROJEJUNOSTOMY. 

What  effect  is  produced  upon  the  functions  of  the 
alimentary  canal  by  the  operation  of  gastrojejunos- 
tomy .^  We  have  to  ask  :  (i)  Does  the  food  pass 
through  the  new  opening  or  by  the  pylorus  ?  (2) 
What  is  tlie  effect  upon  the  gastric  juice  ?  and,  (3), 
What  is  the  effect  upon  the  absorption  of  proteins, 
fats,  and  carbohydrates  ? 

Some  liglit  has  been  thrown  upon  the  first  of  these 
([uestions  by  watching  with  the  .v-rays  the  course 
taken  by  a  meal  containing  bismuth  oxide,  and  it 
would  appear,  as  might  have  been  expected,  that 
both  routes  are  followed,  unless  cither  the  j)ylorus 
or  the  artificial  opening  is  or  becomes  greatly  nar- 
rowed. On  this  subject  the  writings  of  Cannon 
ami  (iray  may  be  consulted. 

The  effect  upon  the  gastric  j  -ice  is  nil  if  it  has 
pie\iously  been  normal  ;  if  hyperchlorhydria  was 
present,     an     ifjicifni     gastrojejunostomy     appears 
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invariably  to  restore  the  amount  of  acid  to  normal. 
Stenosis  of  the  opening  may  Ik;  followed  by  a  return 
to  the  greater  acidity.  If  the  HCl  is  absent,  however, 
the  operation  will  seldom  if  ever  cause  it  to  appear. 

That  there  cannot  be  any  serious  loss  of  power  to 
digest  and  absorb  food-stuffs  is  shown  by  the  remark- 
able way  in  which  the  great  majority  of  cises  o{)erated 
on  become  fat  and  flourishing  after  gastrojejunostomy 
for  non-malignant  affections,  the  improved  condition 
being  maintained  for  many  years.  There  is  at  least 
one  patient  who  at  the  age  of  seven  was  described 
by  his  father  as  strong  and  healthy,  with  good  appetite 
and  exceedingly  good  digestion,  after  a  gastro- 
jejunostomy at  the  age  of  eight  weeks  for  pyloric 
stenosis.  Paterson  has  proved  that  the  amount  of 
fat  and  jmttein  passed  in  the  f;i*ces  without  assimila- 
tion is  very  little  greater  than  in  the  normal  individual. 
In  four  cases  it  was  only  about  2  {)er  cent  alx)ve 
normal  ;  that  is,  the  faces  contained  alx)ut  9  to 
95  i)er  cent  of  protein  nitrogen  taken  as  food 
instead  '.»f  tl.e  normal  77  per  cent.  Much  less 
favourable  results  previously  published  by  Joslin 
were  vlue  to  the  fact  that  he  used  cancerous  cases  on 
which  to  experiment.  Paterson's  results  are  confirmed 
by  Camentn,*  who  finds  that  the  only  ill-effect  is  some 
slight  diminution  in  the  power  of  absorbing  fat. 

Feeding  after  Gastrostomy,—  Paw  low's  experi- 
ments, above  referred  to,  give  a  valuable  hint  as 
to  the  feeding  of  patients  who  are  unable  to  swallow 
and  have  suffered  a  gastros^miy.     It  is  well  known 
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that  tliey  may  fail  to  make  progress  even  when  the 
operation  has  ap|)arently  not  been  {M)stp<^ned  too  long. 
Sometimes  they  will  request  that  they  should  still 
be  allowed  to  take  food  into  the  mouth  "just  to 
taste  it."  ILvidently  they  lack  the  first  secretion  of 
gastric  juice  due  to  the  relish  with  which  the  ford  is 
tasted  and  swallowed,  and  digestion  may  in  conse- 
quence \)C  very  imperfect.  This  may  be  overcome 
by  the  simple  device  of  adding  some  form  of  extrac- 
tives to  the  feed,  such  as  beef-tea,  gravy,  soup,  or  a 
meat  essence.  Thus  the  chemical  mechanism  is 
brought  into  play  though  the  nervous  reflex  fails, 
lixcellent  practical  results  have  been  obtained  by 
this  expedient. 

THE    SECRETION     OF     PANCREATIC    JUICE. 

This  was  first  thought  by  Pawlow  to  be  due  to  a 
reflex  through  the  vagus,  but  it  has  been  shown  by 
Bayliss  and  Starling  that  the  stimulus  is  in  reahty 
chemical.  When  the  hydrochloric  acid  of  the  gastric 
juice  touches  the  mucous  membrane  of  the  duodenum, 
a  soluble  chemical  substance  is  formed  called 
"  secretin."  which  passes  into  the  rootlets  of  the 
{Mortal  vein,  is  carried  to  the  liver  and  heart,  and 
thence  all  over  the  body.  Some  of  it  in  due  course 
reaches  the  pancreas,  and  a  flow  of  pancreatic  juice 
is  at  once  instituted  and  continues  as  long  as  the 
acid  contents  of  the  stomach  continue  to  enter  the 
duodenum.  The  secretion  acts  chemically  on  the 
pancreatic  cells,  lilx-rating  steapsin  frompro-steapsin, 
amvlopsin  from  pro-amylopsin.  and  trypsinogen  from 
pro-trvpsinogen.     There  is  some  evidence  that  secretin 
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stimulates  also  the  activity  of  the  liver  cells,  thus 
pouring  into  the  bowel  not  only  pancreatic  juice 
but  also  bile.* 

We  find  in  this  mechanism  a  clear  indication  for 
the  administration  of  hydrochloric  acid  in  cases 
where  that  of  the  gastric  juice  is  deficient.  At  least 
we  may  l)e  able  to  preserve  for  the  patient  the 
activity  ( f  his  pancreatic  juice,  which  is  likely  to  be 
suppressed  when  the  usual  stimulus  is  lacking.  The 
exhibition  of  secretin  itself  has  so  far  been  a  failure  ; 
it  is  not  ateorljed  from  the  l>owel,  and  giving  it 
subcutaneously  produces  dangerous  depression,  due 
apparently  to  other  substances,  which  we  do  not 
know  how  to  separate,  extracted  along  with  it  from 
the  duodenal  mucous  membrane. 

Pawlow  and  hi.,  followers  ha\"  descril^ed  a  mar- 
vellous adaptation  of  the  various  pancreatic  ferments 
to  the  work  in  hana  ;  thus,  they  thought  that  a 
meat  diet  called  forth  much  trypsin,  and  a  starchy 
diet  much  amylopsin.  These  statements  were  made 
before  we  knew  that  the  flow  of  pancreatic  juice 
was  started  by  secretin,  which  in  its  turn  depends 


•This  is  only  i.tif  of  several  rrcently  discovered  chemical 
mcssenjjers,  travelling  from  vno  part  to  another  in  the  bl'Hxl- 
stream  (so-called  "  hormones." — Starling).  We  have  often  wondered 
why  the  uterus  enlarges  in  e.xtra-uterine  gestation  ;  it  is  because 
tfie  internal  s«-cretion  of  the  corpus  luteum,  left  by  the  scar  in  the 
ovary  of  the  ruptured  Craafian  follicles,  is  the  normal  stimulus 
causing  the  great  development  of  the  uterus  which  takes  place 
during  pregnancy.  Injertinn  of  extract  of  corpus  luteum  into  a 
virgin  animal  of  the  s.iiue  species  causes  such  enlargement  of  the 
uterus  and  adnexa.  In  the  same  way  the  mammary  glands  are 
stimulated  to  secrete  milk,  by  an  internal  secretion  derived  from 
the  ftrtus,  and  lactation  may  be  obtained  bv  injecting  an  extract 
into  the  virgin  animal.  One  of  the  individuals  of  a  "Siamese 
twins  "  was  recently  delivered  of  a  child,  and  bcjth  started  lactating. 
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on  the  amount  of  HCl  coming  tlirough  from  the 
stomach.  A  still  more  disturbing  factor  is  the  action 
of  the  ferment  in  tlie  intestinal  juice  called  entero- 
kinase,  without  wliicli  trypsin  is  inert,  being  secreted 
in  an  inacti\e  form  called  trypsinogen  and  only 
activated  by  the  enterokinase.  More  recent  work, 
taking  these  new  facts  into  accotmt,  shows  that  the 
composition  (;f  the  pancreatic  juice  does  not  vary. 
It  is  probable,  however,  that  other  substances  besides 
liydrochloric  acid  have  tlie  power  of  calling  forth 
pancreatic  juice,  and,  indeed,  if  it  were  not  so 
patients  with  cancer  of  the  stomacli  would  usually 
starve.  Workers  in  Pawlow's  laboratory  liave 
(.lemonstrated  that  the  most  important  of  these  are 
fat  and  soaps,  and  the  action  is  similar  to  that  of 
the  gastric  juice,  namely,  by  exciting  tlie  formation 
of  a  secretin.  It  is  very  probable,  also,  that  the 
sight  and  smell  of  food  set  up  a  flow  of  pancreatic 
juice,  but  it  is  dilticult  to  be  sure  of  this. 

Pawlow's operati\e experience  in  making  pancreatic 
hstul.e  in  dogs  a'.id  in  the  after-treatment  may 
suggi'st  de\ices  for  surgical  practice.  To  obtain  a 
permanent  listula  it  was  necessary  to  bring  the  duct 
out  on  the  abdominal  wall,  and  still  to  preserve  its 
natural  orihce,  otheiwise  it  closed  rapidly.  Therefore 
a  small  ^>(}uare  of  duodenum  containing  the  opening 
of  the  duct  was  transplanted  to  the  skin.  With 
careful  nursing  and  treatment,  such  dogs  would  live 
for  months  or  years. 

There  werr  two  jirincipal  points  in  the  after-treat- 
ment. At  first  there  was  great  ilithculty  on  account 
of  tryptic  (!igesti'=n  >•■{  tlie  skin  amujid  the  wound, 
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such  as  is  so  trying  f<ir  surgeon  and  patient  in  some 
cases  after  operation  for  acute  pancreatitis,  pancreatic 
cyst,  rupture  of  the  pancreas,  or  artificial  anus  in 
the  small  intestine.  One  of  Pawlow's  dogs,  suffering 
in  this  way.  kept  on  tearing  down  mortar  from  the 
wall  to  lie  upon,  and  by  so  doing  greatly  improved 
the  condition.  The  hint  was  acted  upon,  and  after- 
wards a  bed  of  sand  or  mortar  was  always  provided, 
and  the  excoriation  avoided. 

About  a  month  after  the  operation,  most  of  the 
animals  became  very  weak  and  refused  food,  and 
several  died.  Vot  l'  ^re  had  been  no  loss  of  weight, 
there  was  no  jKMitonitis,  and  merely  ligating  the 
pancreatic  duct  produced  no  such  symptoms, 
indeed,  no  special  harm  resulted.  t*awlow  concluded 
that  the  loss  of  juice  must  l>e  the  cause  of  the  trouble, 
so  a  diet  of  milk  and  breatl,  which  excite  the  smallest 
flow  (jf  secretion,  was  substituted  for  meat,  which 
excites  the  greatest  flow,  and  alkalies  were  given 
regularly  by  mouth.  By  these  means  the  dangerous 
symptoms  \\erc  entirely  averted. 

Both  the  al^)Vo  e.xpcriences  may  help  us  in 
dealing  with  some  >pecial  ditlicultios  in  surgical  cases 
after  operations  on  the  pancreas.  For  the  sand  or 
mortar,  bags  containing  some  drying  powder  would 
probably   be   substituted. 

THE    BILE. 

We  mav  tli.snii>>  the  recent  re-earclies  on  the  bile 
in  a  very  few  w(M(1s,  as  their  clinical  l)caring  is  not 
yet  apparent 

The  ssT't'tion  (A  bile  bv  the  liver  cells  i:^  excitofl  by 
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secretin,  just  as  is  the  pancreatic  secretion.  \o 
Itile,  lio\ve\er,  enters  the  duodenuni  except  when 
f(io(l  is  there,  two  hours  after  a  meal.  Tlie  quantities 
of  bile  and  pancreatic  juice  poured  into  the  intestine 
rise  and  fall  exai  tly  toj^'etlier.  1  he  reflex  contractions 
of  the  j^'all-bladder  whicli  determine  this  flow  of  bile 
are  brought  about  by  the  presence  of  fat  or  of  extrac- 
ti\'es  in  the  du<Klenum.  Here  probably  we  find  the 
explanation  of  any  \irtue  wliich  olive  oil  may  have  in 
getting  rid  of  gall-stones,  because  it  is  liighly  (luestion- 
able  whether  any  of  the  oil  is  actually  excreted  by 
tl)e  bile,  or  in  any  otlier  way  brought  into  contact 
uith  the  concn>tions  so  as  to  dissolve  them. 

Of  the  many  functions  which  have  been  charged 
upon  the  bile,  the  most  important  is  that  of  an 
intensifier  of  tlie  action  of  tlie  pancreatic  juice. 
The  pancreatic  ferments  have  their  activity  enhanced 
tlireefold  in  the  presence  of  the  sodium  taurocholate 
and  glycocholate  of  the  bile.  Moreover,  these  salts 
dissolve  fatty  acids,  and  so  lielp  in  the  absorption 
of  fats. 

ABSORPTION    OF    PROTEINS. 

There  remains  to  l)e  described  a  fundamental 
change  in  our  views  of  the  digestion  and  absorption 
of  proteins.  It  was  formerly  taught  that  the  gastric 
and  jiancreatic  ferments  con\erted  the  albumin  of 
the  food  into  soluble,  diffusible  bodies  called  peptones  ; 
that  these  passed  through  the  intestinal  wall  into  the 
Itlood-stream,  and  in  so  doing  were  by  some  means 
built  up  again  into  the  proteins  of  tlie  blood.  Some 
readers  may  recollect  a  Cleavage  Tlicoiy,  suggesting 
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that  half  of  these  peptones  were  furtlier  acted  on  by 
the  trypsin  of  the  pancreatic  juice  and  broken  down 
into  two  aminoacids  called  leucin  and  tyrosin.  whose 
fate  was  in  doubt.  Tlie  modern  view  is  very  different. 
The  researches  of  Fischer,  Kossel,  and  others  have 
thrown  a  flood  of  light  on  the  composition  of  the 
protein  molecules.  We  now  know  that  protein  con- 
sists of  a  complicated  chain  of  the  Ixxlies  called 
aminoacids  (that  is.  organic  acids  of  which  a  hydrogen 
has  lx.'en  r'?placed  by  the  NH.,  group).  These  may 
be  classified  as  monoamines  (as  leucin,  glycin), 
diamines  (as  arginin,  lysin),  and  aromatic  amines 
(;ls  tyrosin,  tryptophan).  By  the  trypsin  of  the 
jiancreatic  juice  proteins  are  resolved  into  their 
various  components,  and  consequently  a  mixture,  in 
differing  propK)rtions,  of  these  aminoacids  is  found 
in  the  intestine.  Peptone  is  only  a  stage  on  the  way 
to  this  final  dissolution,  and  is  not  absorl)ed  at  all. 
It  would  appear,  however,  that  some  of  it  is  never 
broken  down  to  aminoacids. 

The  ferment  which  brings  alx)ut  the  full  dissolution 
is  the  trypsin  of  the  pancreatic  juice,  which  converts 
albumin  into  aminoacids.  Pepsin  can  carry  the 
action  only  as  far  as  peptones,  unless  its  action  is 
unnaturally  prolonged,  and  consefjuently  there  is  no 
absorption  of  protein  material  in  the  stomach.  There 
is  a  ferment  in  both  the  pancreatic  and  intestinal 
juices  called  erepsin,  which  completes  the  action  of 
the  gastric  juice  by  converting  peptones  into  amino- 
acids. 

Neither  albumin  nor  peptone  can  Ix;  absorbed  by 
the  intestine.     They  must   first   b-e  converted  into 
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aminoarids.  T?ieso  are  the  actual  substances  which 
tra\erse  tlie  intestinal  wall  and  enter  the  bl(H)d- 
streani.  Tliey  du  not  circulate  as  serum  albumin, 
but  as  aminoacids,  and  are  taken  up  by  the  tissue 
proteins  accor(Ung  to  their  needs.  Should  these 
require  more  of  tlie  aromatic  amines,  they  will 
abstract  tyrosin  or  tryptophan  from  the  blood,  and 
so  on.  Any  aminoacids  that  are  in  excess  of  the 
requirements  of  the  ImkIv  are  bri  .en  down  by  the 
liver  to  inea,  and  e.xcreted  by  the  kidney.  This 
constitutes  the  so-called  exogenous  origin  of  urea. 

The  e\idence  for  these  fundamental  clianges  in 
our  view  of  the  al)sorption  of  proteins  may  l)e 
summarized  briefly  as  follows  : — We  now  know  that 

((/).  Aminoacids  are  abundantly  formed  in  the 
intestine. 

{h).  Feeilingon  aminoacids  will  sustain  life,  (ielatin 
will  not  sustain  life,  Ix'cause  it  lacks  the  aromatic 
amines,  but  if  it  is  given  with  tyrosin  and  tryptophan, 
the  animal  lives. 

(c).  During  protein  absorption,  it  is  not  the  pro- 
teins (serum  albumin  and  glolmlin)  which  increase  in 
the  blood,  but  the  nitrogenous  constituents  of  the 
l^lasma  which  are  uol  coigulated  by  heat. 

Carlvle  said  that  an  error  is  never  pro\ed  to  be  an 
error  until  it  is  shown  how  the  error  arose,  and  this 
is  possible  in  regard  to  the  older  theory,  that  peptones 
were  converted  by  the  intestinal  epithelium  into 
albumin.  The  disappearance  of  the  peptone  in 
contact  with  the  intestinal  wall  was  taken  to  indicate 
a  con\ersion  into  albumin,  because  the  nature  and 
funciion  of  tlie  ferment  ercpsin  were  nut  then  known. 
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The  erepsin  had  converted  the  peptone  into  amino- 
acids. 

We  must  not  hope,  therefore,  when  we  feed  a 
patient  on  peptonized  foods,  that  we  have  completely 
saved  him  the  necessity  of  digesting  them.  We  have 
carried  the  process  only  part  of  the  way.  It  is  not 
feasible,  perhaps,  to  feed  him  on  aminoacids,  because 
the  prolonged  pancreatic  digestion  makes  the  food 
unpleasantly  bitter  and  might  cause  diarrhoea  ; 
aminoacids  are  not  normal  occupants  of  the  stomach. 
But  there  may  be  a  future  for  rectal  feeding  with  the 
products  of  a  pancreatic  digest  extending  over  two 
days.  In  giving  nutrient  enemata  of  peptonized 
milk  we  take  the  presence  of  erepsin  in  the  mucous 
membrane  of  that  particular  patient's  rectum  on 
trust.  Sometimes  the  patient  seems  to  starve 
although  having  nutrients.  If  we  gave  him  amino- 
acids instead  of  peptones,  we  might  remove  at  least 
one  dilTiculty  in  the  way  of  nourishing  him. 


FUNCTIONS    OF    THE    COLON. 

Motor  Functions- — ^^  e  have  always  known  that 
the  small  intestine  is  continually  in  movement,  the 
main  character  of  the  movement  being  an  onward 
sweeping  wave  called  peristalsis,  carrying  the  bowel 
contents  from  the  stomach  to  the  colon.  Peristalsis 
consists  of  a  wave  of  rela.xation  pursued  by  a  wave 
of  constriction.  It  is  controlled  by  a  purely  local 
mechanism,  and  will  go  on  after  all  nerves  have  been 
severed,  or  even  after  cutting  the  intestines  right 
out  of  the  Ijody.  After  cutting  the  bowel  across  the 
wave  is  stopped  at  the  jxjint  of  division.     Fortunately 
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for   the   practice  of  eiul-lo-rnd   anastomosis  of  the 
intestines,  anv  lxn\el  contents  wliitli  may  \)C  pushed 
throuf^li    the   junction    will   start    a    fresh    wave   of 
j)eristalsis  on  the  distal  side  of  the  union.     Though 
the  movements  are  not  dependent  on  nerves,  they 
(an  l)e  controlled  by  the  central  nervous  system,  as 
every  one  knows  who  has  suffered  from  an  attack 
of   "  exam-funk  diarrhcea."      The  vagus  stimulates 
|)eristaltic  movements  ;   the  splanchnic  nerves  inhil)it 
them.     In  the  small  intestine  peristalsis  is  n<  mally 
only  from  stomach  to  colon,  and  a   bismuth  meal 
makes  the  journey  in  about  four  hours.     There  is  a 
sort   of   jx'nduhmi   swing-swang   of   whole   loops   of 
bowel   },'oing   on   at    the   same   time.     In   the   large 
intestine  tlie  conditions  are  very  different,  and  have 
an  important  lx;aring  on  certain  operative  j)roccdures. 
The  movements  in  man  may  be  studied  by  skiagraphy 
after  bismuth  meals  or  bismuth  enemata,  and  by 
observations  on  patients  who  have  suffered  various 
forms  of  colostomy,  ileosigmoidostomy,  and  exclusion 
operations. 

The  rectum  is  of  course  under  direct  control  of 
the  centre  near  the  tip  of  the  spinal  cord,  the  motor 
path  being  the  pelvic  visceral  nerves  from  the  second 
to  the  fifth  sacral  roots  ;  the  sympathetic  system 
also  supplies  the  rectum.  The  physiology  of  defeca- 
tion is  well  known,  and  need  not  detain  us. 

In  the  ca'cum  and  the  ascending,  transverse, 
descending,  and  j^lvic  portions  of  the  colon,  however, 
the  motor  functions  are  involuntary,  as  in  the  small 
intestine,  but  with  a  striking  difference.  In  the 
fmall  intestine  antiperistalsis,  that  is,  i>eristalsis  in 
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a  reverse  dirt'ctinn,  is  p;Uhol»){;ical.  occurring  in 
intestinal  obstruction  and  rare  hysterical  conditions. 
In  the  colon  antijx?ristalsis  is  the  rule.  The  con- 
tents of  the  cecum  and  the  ascending  colon  are 
continually  seething  up  and  down.  Tlje  descending 
colon  is  normally  empty.  The  pelvic  colon  is  a  store 
for  f.eces.  Once  or  twice  daily  the  contents  of  the 
ascending  and  transverse  colr>ns  are  suddenly  carried 
over  into  the  pelvic  colon  and  rectum. 

riie  e.xistencc  of  these  currents  of  antiperistalsis 
is  very  important  surgically.  Many  patients  on 
whom  ileosigmoidostomy  (turning  the  ileum  into 
the  pelvic  colon  or  sigmoid)  has  l)een  performed  for 
growth  of  the  ascending  colon  have  suffered  great 
suhsetjuent  discomfort  from  the  passage  of  gas  and 
faces  into  the  blind  loop  of  colon,  from  the  opening 
into  the  .sigmoid  up  into  the  descending  colon,  and 
so  round  towards  the  ca-cum.  In  some  cases  a 
second  operation  has  l^een  necessar>'.  In  all  ana- 
stomoses and  excisions  of  the  large  intestine  this 
physiological  fac  ir  must  be  calculated  ujwn  and 
provided  for.  In  some  cases  ;m  appendicostomy  has 
been  performed  to  allow  tiatus  to  escape  and  to  make 
lavage  possible. 

Before  turning  from  the  motor  functions  of  the 
intestines,  another  experimental  observation  merits 
attention.  Pawlow  found  that  strong  stimulation  of 
any  sensory  nerves  might  cause,  in  dogs,  prolonged 
reflex  arrest  of  peristalsis.  Injury  of  abdominal 
viscera  was  particularly  likely  to  do  so.  Cannon  and 
Murphy  have  shown  that  even  gentle  manipulation 
of    the    buwcl    causes    cessation    ul    ail    intestinal 
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movements  f(tr  three  liours  or  more     The  condition 
mifiht  he  <les(iilMMl  as  "  intestinal  sliork."     It  is  (tf 
^'reat  suif^'ical  im|M)i tanre.    Aiie>t  of  jK-ristalsis,  quite 
apart  from  iH'iitonitis.  occasionally  follows  strangu- 
lated hernia,  even  after  successful  o|)eration  ;   it  may 
accompany  gall-stone  colic,  and  it  may  even  occur  as 
a  neurosis  or  in   association   with  organic   nervous 
disease.     Sf»me    interesting    cases    are    reported    by 
Walton  in  a  disciis>ion  of  the  subject.     Fortunately, 
he  is  able  to  direct  us  to  promising  lines  of  treatment. 
The  milder  degues  of  the  condition  will   yield  to 
turpentine  eneniata  and  to  saline  purges,  but  there 
are  instances  in  which  all  drugs  are  vomited  and  the 
block  seems  to  1x3  too  high  for  enemata  to  act.     Here 
we   may   try   the   effect   of   physostigmine   (eserine) 
salicylate,    in    4,,-6«"-   doses,  given    hypodermically 
every  four  hours  for  si.\  doses.     Walton  shows  by  a 
chart  that  the  evacuations  when  this  drug  is  given 
after  abdominal  operations  are  much  more  frecjuent 
than  without  it.     It  is  scarcely  at  all  ajK-rient  in  health, 
working  l)esl  when   the  local  nerve  ganglia  in  the 
intestine  are  thri>wn  out  of  action.     It  is  of  course  an 
old  anil  well-known  romeily.  acting  like  pilocarpine 
by    stimulating    the    nerve    endings    in    unstriped 
muscle. 

Absorption  in  the  Large  Intestine.— We  may 
sum  up  the  ordinary  functions  of  the  various  parts 
of  the  bowel  with  regard  to  absorption  thus  : — 
Drugs,  salts,  and  sugars  are  al)sorbcd  in  the  stomach. 
Proteins  (as  aminoacids),  carlH)liydrates  (as  sugar), 
and  fats  (as  soap  and  glycerin)  are  absorbed  in  the 
smaii  uiU'stine. 
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Water  is  al)S<trlK'd  in  the  large  intestine. 

riu'  practical  physician  or  surgeon  is  ccmcerneil 
with  the  physi  .»gist's  answt-r  to  two  (juestions. 
iirst,  Is  the  -^olon  a  necessiiry  organ,  or  may  it  bt? 
» linimated  witli  safety  ?  Second.  Can  the  large 
intestine  absorb  useful  fof)d-stutfs  in  case  of  need  ? 

With  regard  to  the  first  jHiint,  we  are  at  once  con- 
fronted with  the  fact  that  in  s<»ine  bats  the  colon  is 
exceedingly  short.  Agiin,  it  is  well  known  that 
l)atients  with  an  artificial  anus  in  the  citcum  are  able 
to  keep  up  their  nutrititm.  The  same  is  true  after 
the  ileum  has  l)een  cut  across  and  turned  into  the 
sigmoid.  ( areful  analyses  made  by  (iroves  and 
Walker  Hail  under  these  conditions  show  that  the 
normal  amount  of  water  can  still  l)c  absorbed  by  the 
short  piece  of  rectum  and  sigmoid  traversed  by  the 
food  ;  the  faces  are  not  too  fluid.  liy  comparing  the 
amount  of  water  in  the  intestinal  contents  at  the 
ileo-ciecal  valve  and  as  passed  naturally  in  man,  they 
conclude  that  tlie  colon  absorbs  alH)ut  lo  to  20  per 
cent  of  water  from  the  faces.  Bacteria  make  up 
nearly  half  the  wt-ight  of  the  faces  as  passed  normally. 
Treves,  Lane,  and  others  have  e.xcised  almost  the 
whole  colon  without  the  patient's  nutrition  suffering. 

We  conclude  then  that  the  colon  is  not  a  necessary 
organ.  If,  however,  a  jx;nnanent  artificial  anus  is 
made  in  the  ileum  more  than  iz  to  iS  inches  away 
from  the  ileo-ca-cal  vahe,  abs»»rption  is  inadequate 
and  the  patient  dies  of  star\-ation. 

Turning  to  the  second  (juestion,  it  is  scarcely 
necessary  to  call  attention  to  its  very  great 
iiiipuriance.     if  the  colon  cannot  absorb  a  reasonable 
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quantity  of  food-stuffs,  the  whole  theory  of  feeding 
by  nutrient  eneniata  would  collapse. 

In  the  experiments  described  al)o\e,  (iroves  and 
Walker  Hall  found  that  the  absorption  of  nitrogen 
and  fat  by  the  colon  was  so  small  as  to  be  negligible. 
Laidlaw  and  Ryftcl,  analysing  the  urine  during  rectal 
feeding,  found  that  the  nitrogen  outjnit  corresponded 
pretty  closely  to  the  published  figures  for  pro- 
Icssional  fasting  men  at  the  same  date  of  star\ation  ; 
the  eneniata  used  were,  however,  not  particularly 
suitable,  consisting  of  the  whites  of  nine  eggs,  si.x 
ounces  of  raw  stanh.  and  twenty-four  ounces  of 
peptonized  milk.  The  albumin  and  starch  were 
probably  not  touched.  Langdon  Brown  found  no 
difference  in  the  urea  of  the  urine  whether  the  patients 
were  given  peptonized  milk  or  normal  saline.  Further 
observations  on  these  lines,  using  de.xtrose  and 
adetiuate  quantities  of  milk,  eitlier  peptonized  or 
even  converted  mto  aminoacids  by  prolonged 
digestion,  arc  greatly  needed. 

Sharkey  and  others  claim  that  a  good  deal  of 
nitrogen  can  be  absorl>ed  l)y  the  rectum,  basing  their 
findings  on  the  analysis  of  rectal  washings ;  but  this 
method  is  open  to  criticism,  as  sometimes,  in  spite  of 
wa.shing  out,  the  patient  may  pass  an  enormous 
putrid  evacuation,  showing  that  the  lavage  was  not 
effectual. 

I  am  kindly  permitted  to  quote  some  unpubHshed 
analyses,  which  will  Ix?  found  in  the  Ap})endi.x,  made 
by  Dr.  K.  E.  Thomas  on  patients  of  Dr.  Nixon's,  in 
the  Bristol  Royal  Infirmary.  A  daily  estimation  of 
the  output  of  urea  and  airimonia  nitrogen,  and  also 
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of  the  excretion  of  acetone  and  diacetic  acid,  was 
made  on  patients  lieing  "  fed  "  by  nutrient  cnemata 
for  liamatcniesis.  It  will  be  seen  that  the  fi^'ures 
are  so  little  different  from  those  obtained  when  no 
food  at  all  is  given,  that  we  are  compelled  to  believe 
that  little  if  any  protein  or  carbohydrate  was  ab- 
sorlHHl.  The  carbohydrate  was  given  in  the  form  of 
lactose. 

It  is  quite  certain  that  dextrose  can  be  absorbed 
from  the  rectum,  because  it  will  cure  acidosis  when 
given  in  this  way.  and  also  it  will  raise  the  respiratory 
(juotient  by  increasing  the  amount  of  CO.  expired. 

It  is  very  difficult  to  obtain  evidence  as  to  whether 
fats  are  abs.jrl)ed.  In  a  pati»'nt  who  liad  a  fistula  of 
the  thoracic  duct  only  from  ^  ,  to  5-5  per  cent  of  the 
fat  given  per  rectum  was  recovered  from  the  fistula. 
In  another  patient,  the  thoracic  duct  was  blocked 
and  a  lymphatic  vessel  had  ruptured  into  the  urinary 
passages,  so  that  most  of  the  fat  absorl)ed  by  the 
lacteals  escaped  into  the  urine,  which  lx?carne  milky 
after  a  fatty  meal  (chyluria).  There  was  no  chyluria 
when  all  fats  were  stopped  by  mouth,  and  nutrient 
enernata  containing  milk  administered. 

It  must  not  l>e  supposed  that  rectal  feeding  supplies 
absolute  rest  to  the  stomach.  It  may  be  observed  in 
patients  with  a  gastrostomy  wound  that  each  nutrient 
enema  excites  a  reflex  flow  of  gastric  juice. 

There  is  thus  grave  doubt  as  to  whether  nutrients 
really  do  much  good.  It  has  l)een  claimed  that  a  dog 
has  been  fed  for  many  months  on  nutrients  only, 
but  even  if  this  be  true  it  does  not  necessarily  prove 
that  it  would  be  possible  in  man.     Patient«i  have 
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been  kept  alive  on  nutrients  for  several  weeks,  but  it 
is  well  known  that  there  are  sometimes  sudden  and 
unaccountable  deaths.  It  must  not  be  forgotten 
that  if  water  is  supplied  life  will  usually  \)e  prolonged 
for  a  month  with  no  food  at  all,  and  in  one  instance 
a  man  was  alive  after  sixty-four  days  of  complete 
starvation.  If  water  also  is  withheld,  death  takes 
j)lace  in  about  a  week  ;  but  a  girl  buried  in  an  Italian 
earthtjuake  lived  eleven  days  without  either  food 
or  drink. 

Public  opinion  in  Kngland  may  not  yet  be  ripe 
enough  to  allow  us  to  practise  sheer  starvation  for 
gastric  ulcer,  but  if  we  cannot  feed  a  patient,  at  least 
we  can  disturb  his  i)eace  as  little  as  possible  by  nearly 
useless  eneniata. 
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CHAPTER   IV. 

THE   APPLIED    PHYSIOLOGY   OF 
BLOOD-PRESSURE. 

Apparatus  fur  ineasurinR  a.  tcrial,  venous,  and  capillary  pressure 
III  man — Factors  cinitrolljng  the  M(M>d-pr»-!-'^ur( — The  influence 
<.f  gravity — The  influence  of  the  internal  secretion  of  the  supra- 
renal Klaiidh — Sur^iral  shock  :  its  nature,  prevention,  and  treat- 
ment— The  intracranial  circulation — HlcHKl-pressiire  after  head 
injuries — The  pulmonary  circulatit.u — The  internal  administration 
of  hain<«tatics. 

IT  has  become  a  truism  that  when  feeUng  the 
pulse  it  is  of  more  importance  to  observe  the 
"  tension,"  or  blood-pressure,  than  to  count  the  rate. 
Hut  only  within  the  last  few  years  has  it  been 
recognized  how  in  idequately  even  the  skilled  finger 
can  judge  of  the  blood- pressure,  because  of  the 
complicating  factor  of  the  variable  rigidity  of  the 
arterial  wall.  In  an  arteriosclerotic  vessel  the 
tension  will  be  over-estimated. 

Two  well-known  apparatus  have  therefore  been 
introduced  to  clinical  service.  The  tirst  to  l)e  widely 
used  in  l£ngland  was  Hill  and  Barnard's  sphygmo- 
meter, and  later  came  some  form  of  the  Riva-Kocci 
instrument.  Both  may  be  used  to  measure  either 
the  systolic  or  the  diastolic  pressure.  They  have  in 
common  a  hollow  rubber  armlet  capable  of  inflation 
with  air,  and  covered  by  a  leather  or  leaden  sliield 
to  be  strapped  round  the  arm  ;  each  is  to  be  inflated 
by  an  air-pump  with  a  leaking  valve,  so  that  the 
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pressure  indiicefl  j^radually  falls.  The  Riva-Rocci 
spliygmonietcr  is  to  be  read,  by  the  level  of  a  column 
of  mercury,  at  the  point  where  the  pulse,  at  first 
obliterated  by  the  pressure,  becomes  just  percept- 
ible to  the  fui,!,H'r  or  the  car.  This  gives  the  systohc 
pressure.  The  diastolic  is  read  by  noting  the  point 
of  ma.ximum  os(illation  of  the  column  of  mercury. 
The  apparatus  ot  Hill  and  Barnard  is  to  be  read  on 
a  pressure  gaiige  when  the  recording  needle  shows 
the  greatest  oscillation  ;  this  gives  the  diastoUc 
pressure.  An  average  reading  for  the  maximum  or 
systolic  pressure  is  no  to  120  millimetres  of  mercury  ; 
for  the  diastolic  pressure  a  little  less.  The  hgure  is 
seldom  continuously  below  100  (e.xcept  in  Addison's 
disease),  but  it  may  be  higher  than  200  in  arterio- 
sclerosis. 

For  the  study  of  cases  of  raised  or  lowered 
blood-pressure  these  instruments  are  es.sential, 
and  are  very  .videly  used  to-day.  We  shall,  how- 
ever, consider  them  rather  in  their  surgical  appli- 
cation. 

Methods  for  the  measurement  of  venous  and 
capillary  pressure  have  been  introduced  more 
recently,  and  are  of  less  clinical  value  so  far.  Venous 
pressure  may  l>e  determined  by  stroking  a  vein  until 
it  becomes  empty  up  to  a  valve,  then  applying 
the  Riva-Rocci  sphygmometer,  and  noting  the 
pressure  at  which  the  vein  hlls.  Cainllary  pressure 
may  be  obtained  by  determining  to  what  height 
above  the  arm  normal  saline  in  a  funnel  must  be 
raised  before  it  will  begin  to  tiow  through  a  hypo- 
dermic needle  mto  the  subcutaneous  tissues  (Leonard 
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Hill).  The  normal  capillary  pressure  varies  with 
the  locality,  bein.L,'  lo  to  20  millimetres  of  water  in 
the  arm,  and  90  millimetres  in  the  leg. 


CO. 


THE    FACTORS 
.ROLLING   THE    BLOOD-PRESSURE. 


The  factors  normally  at  work  in  maintaining  the 
blood-pressure  are  more  complicated  than  was  at 
one  time  apparent.  Of  course  it  varies  with  the 
activity  of  the  heart.  It  is  further  cfintrolled  by 
the  calil)re  of  the  smaller  arteries,  which  in  their 
turn  are  rej^'ulated  by  the  vasomot^»r  centre  in  the 
medulla  of  the  brain.  N'asoconstriction  naturally 
raises  the  bloou-pressure.  and  vice  versa.  Then, 
again,  the  respiratory  movements  have  an  influence. 
In  experimenting  with  animals  under  an  aniesthetic 
this  influence  is  marked  and  constant  ;  the  blood- 
pressure  rises  with  each  inspiration,  and  falls  with 
each  e.xpiration.  In  the  normal  human  subject  this 
does  not  obtain  with  the  same  constancy.  Lewis 
has  demonstrated  that  it  is  true  when  the  respiration 
is  abdominal  in  type,  but  that  in  the  costal  type  of 
breathing  the  blood-pressure  falls  with  inspiration, 
and  rises  with  expiration. 

Gravity  also  affects  the  blood-pressure.  It  is  well 
known  that  many  people  faint  on  rising  too  suddenly 
from  a  hot  bath,  l)ecause  the  vasomotor  )ntrol  is 
not  sufficiently  powerful  to  constrict  all  ti.c  vessels 
in  an  instant,  so  as  to  keep  enough  blood  circulating 
through  the  brain.  Leonard  Hill's  well-known 
experiment  on  the  hutch  rabbit  and  the  wild  rabbit 
illustrates  the  same  cunditiun.      The  hutch  rabbit 
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held  up  by  tlie  ears  will  die  ;  the  wild  rabbit 
survives.  In  the  tame  animal,  all  tlie  blood  tends 
to  collect  in  the  i)endulous  l)elly,  and  the  feeble  vaso- 
motor control  is  unable  to  constrict  the  vessels  and  to 
drive  it  up  to  the  brain.  This  picture  is  very  similar 
to  that  of  surf^ical  shock  in  man. 

There  is  yet  another  governing  factor,  and,  we 
must  l)elieve,  an  essential  one.  The  suprarenal 
glands  are  cf)nstantly  pouring  into  the  blood  their 
internal  secretion,  which  we  know  as  aihenalin.  The 
medulla  of  the  suprarenal  glands  is  developed  from 
the  sympathetic  nervous  system,  and  adrenalin  is 
essential  for  the  proper  action  of  all  the  motor  nerve 
endings  ot  that  s\stem.  Injection  of  adrenalin 
produces  all  the  effects  on  itivolnntary  muscle  that 
are  characteristic  of  stimulating  the  symi)athetic, 
and  some  of  the  effects  on  glandular  secretion.  Yet 
it  does  not  act  by  stinnilating  these  nerve  endings 
themseh  -,  because  it  continues  to  produce  its  action 
after  section  and  degeneration  of  sympathetic  nerves. 
The  most  prominent  of  its  eflects  is  a  powerful  but 
transient  vasoconstriction. 

That  adrenalin  is  being  poured  out  continually  to 
maintain  the  acti\ity  of  the  vasoconstrictors  we 
know  by  research  along  two  distinct  lines  of 
access.  If  the  suprarenal  veins  are  clamped  for 
a  few  hours,  t!ie  blood-pressure  falls.  On  their 
release  the  accumulated  adrenalin  passes  into  the 
circulation,  and  the  blood-pressure  rises  ra}»idly 
above  normal. 

Furtlier  light  is  shed  upon  the  matter  by  a  study 
of  the  phenomena  of  Addison's  disease,  in  which  the 
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adrenalin    has    been    proved    to    be    absent.*    The 
blood-pressure  is  extraordinarily  low,  and  the  various 
functions    of    the    sympathetic    are    more    or    less 
paralysed.     The  vasomotor  control  is  very  deficient. 
Adrenalin  is  so  extensively  used  as  a  hemostatic, 
and  as  an  injection  for  various  purposes,  that  it  is 
important  to  realize  its  dangers  and  danger  signs. 
It  is  not  at  all  improbable  that  some  so-called  deaths 
from    anasthesia,   especially   in   operations   on   the 
nose,  have  l>ecn  due  to  the  injection  of  too  much 
of  this  potent  drug.     The  sj-mptoms  of  an  overdose 
are  not  at  all  unlike  those  of  chloroform  poisoning- 
pallor,  saUvation,  dilated  pupil,  and  small  pulse  ; 
but  the  pulse  rate  may  be  slow.     In  animals  its 
prolonged  use  may  cause  glycosuria  of  pancreatic 
type. 

SURGICAL    SHOCK. 

We  shall  next  set  forth  the  important  researches 
of  Crile  and  Mummery  on  surgical  shock,  and  the 
means  of  combating  it.  It  has  Ix^en  well  said  that 
the  surgeon  has  triumphed  over  pain  by  means  of 
anesthetics,  and  over  sepsis  by  means  of  steriUzation. 
but  that  shock  remains  as  the  great  barrier  to  perfect 
success. 

The  clinical  measure  of  surgical  shock  is  the  blood- 
pressure,  as  recorded  by  some  form  of  sphygmo- 
meter. For  this  purpose,  as  for  most,  the  Kiva- 
Rocci  instrument  is  preferable.  As  shock  deepens, 
the    blood-pressure    falls ;     as    it    passes    off,    the 
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blood-pressure  regains  its  normal  standard.  During  an 
^•peration  such  as  a  hif,'h  amputation  it  will  be  found 
that  the  fall  of  blood-pressure  is  induced  i)rincipally 
by  the  division  of  the  great  ncr\'es  ;  in  abdominal 
operations,  by  evisceration  or  by  dragging  on  the 
organs. 

According  to  Crile  and  Mummery,  surgical  shock 
is  due  to  exhaustion  of  the  vasomotor  centre  in  the 
medulla  of  the  brain.  In  consecjuence.  the  small 
arteries  are  allf)\ved  to  dilate,  blood  collects  and 
stagnates  in  them,  especially  in  the  capacious  vessels 
of  the  abdomen,  and  there  is  not  enough  circulating 
blood  to  maintain  the  proper  supply  to  the  brain  and 
other  important  structures.  Sherrington  has  shown 
that  tliere  is  in  practice  another  factor,  namely,  a 
concentration  of  the  blood,  owing  to  loss  of  water, 
from  the  vessels  to  the  tissues. 

It  is  possible  only  to  summarize  briefly  the 
practical  deductions  as  to  our  best  means  of  com- 
bating surgical  shock  :  the  fascinating  original 
papers  should  l>e  consulted  by  any  who  have  not 
read  them.  It  is  clear,  in  the  first  place,  that  when 
dealing  with  a  patient  with  a  crushed  hmb,  it  is 
futile  to  "  wait  for  the  shock  to  pass."  It  is  the 
crushed  nerves  which  are  maintaining  the  shock. 
Injection  of  nerve  trunks  with  cocaine  or  novocain 
live  minutes  before  dividing  them  prevents  com- 
pletely any  fall  of  blood- pressure  or  other  evidence 
of  shock  during  amputations.  The  writer  has 
successfully  employed  injections  of  5  minims  each  of 
2  per  cent  novocain  into  the  anteri  i'  crural  and 
great    sciatic    nerves,    in    amputating    through    the 
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thigh.     Crile  envelops  the  patient  in  a  pneumatic 
suit  under  pressure,  so  as  to  prevent  relaxation  of 
the  vessels.     Bandaging  the  limbs  is  a  less  efficient 
hut  more  serviceable  means  of  obtaining  the  same 
result.     Intravenous  transfusion  with  normal  saline 
is  not  as  efficacious  in  the  treatment  of  shock  as  of 
collapse  from  hamorrhage  or  cholera,  but  it  is  never- 
theless   a    valuable    proceeding.     The    addition   of 
adrenalin  up  to  i  in  50.000  (even  i  in  20,000  may 
be   used)    will    restore    the    calibre    of    the    vessels 
even  when  the  vasomotor  centre  is  powerless.     Crile 
and   Mummer>'  speak  disparagingly  of  the  use  of 
stimulants ;    alcohol  does  nothing  but    harm,   and 
strychnine,  though  it  may  perhai)s  raise  the  blood- 
pressure  for  a  while,  soon  allows  it  to  fall  even  lower 
than  it  was  Ijefore.     Indeed,  Crile  declares  that  large 
doses  of  strychnine  exhaust  the  vasomotor  centre, 
and  induce  shock  apart  from  any  injury.     Pituitary 
extract    is   probably   more   valuable ;     it    is   given 
hypodermically.     The  dose  varies  with  the  prepara- 
tion.    Needless  to  say,  the  head  should  be  kept  low, 
so    as   to    help  by  gravity  the  circulation  through 
the  brain.      It  is  quite  probable   that    small  doses 
of  strychnine  spread  over  several  days   before  the 
operation  may  be  of  use. 

By  the  adoption  of  such  means  as  the  above  it  is 
})ossible  to  bring  about  the  resurrection  of  dogs 
whose  hearts  have  stopped  beating  for  fifteen 
minutes. 
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THE    INTRACR^NIAL    CIRCULATION. 

There  are  two  im|K)rtant  regions  of  the  lx)dy  in 
which  the  ordinary  laws  regulating  the  blood-supply 
do  not  hold  good,  and  to  the  consideration  of  thest^ 
we  now  turn.  We  will  speak  first  of  the  intracranial 
circulation. 

It  is  an  obvious  fart  that  one  cannot  put  more 
than  a  pint  into  a  pint  pot,  and  since  the  brain  is 
incompressible,  the  total  volume  of  bloorl  insitle  the 
bony  cranial  cavity  cannot  vary.  It  is  true  that  the 
volume  of  the  cerebrospinal  fluid  is  not  absolutely 
constant.  A  trifling  ebb  and  flow  is  possible  along 
the  sheaths  of  the  spinal  nerves.  The  occipito- 
atlantal  membrane  pulsates  a  little,  and  so  does  the 
membranous  fontanelle  in  an  infant.  Nevertheless, 
the  total  volume  of  this  fluid  is  so  small  that  to 
all  intents  and  purjK)ses  it  does  not  alter  the  truth 
of  the  fact  prop<unuled. 

Yet  every  organ,  and  surely  the  brain  amongst 
the  rest,  needs  more  blood  during  moments  of 
activity  or  excitement,  and  less  during  rest  or  sleep. 
At  least,  the  supply  of  (t.xygen  and  nutriment  must 
roughlv  correspond  to  the  demand.  How  may  this 
be  brought  about  ? 

Although  the  volume  of  blood  in  the  cranial  cavity 
at  any  gi\en  moment  must  W  a  constant,  there  are 
two  ways  in  which  more  o.xygen  can  be  supplieil.  In 
the  fust  place,  the  arteries  might  be  dilated  at  the 
expense  of  the  veins.  In  the  second  plac<',  the  rate 
(>f  flow  might  be  incieased,  so  that  in  a  given  space  of 
time  a  Luccr  volume  should  have  passed  throutrh  the 


capillaiics  n^    the    hram      Both    of    these    actually 
occur. 

\N  hon  it  is  desired  to  warm  or  hght  one  particular 
room  in  a  hous«-  where  the  supply  of  gas  is  insuffi- 
cient, all  uimecessary  lights  elsewhere  are  turned 
down.  It  IS  not  possible  to  (hiate  m  tin  way  the 
{>i|>es  pas>inf,'  to  the  room  in  question,  hut  the  rate 
of  flow  of  ^as  is  increased.  Similarly,  when  more 
blood  i.>  re<]uired  by  the  brain,  the  as'omotor  centre 
i>sues  a  um\er>al  vasocc-n.stnctor  ii-pulse.  This  is 
not  able  to  constrict  the  arteries  in  the  brain.  l)ocause 
the  nerve  hbres  which  un.loubtedly  run  witlj  them 
appear  to  have  little  or  no  v.i->omotoi  control  over 
them.  Hence  these  arteries  are  distended  by  the 
pre.-surc  of  bh.od.  the  cranial  veins  are  expressed,  and 
the  rate  of  (low  increa.^es. 

Mental  activity,  therefore,  should  be  accompanied 
l>y  a  rise  of  blood -pressure,  and  sleep  by  a  fall. 
I'urther,  ilurin^  sleep  the  volume  of  a  "limb,  as 
niiasured  by  a  plethysmotrrapli  should  increase. 
Both  these  statements  are  found  to  be  true  in  fact. 
Indeed,  if  a  man  jjo  to  sleep  accurately  balanced  on 
a  delicate  see-saw,  during'  deep  slee})' the  legs  are 
lowered  ;  when  he  wakes,  the  ecpnlibnum  is  regained. 
W  hen  part  of  the  available  cranial  space  is  occupied 
by  blood-clot,  depres.H^d  bone,  or  mflammatory 
i'roducts.  It  IS  at  the  expense  of  tl,e  volume  of 
blood.  An  adequate  circulation  tlirough  the  m.dulla 
can  be  maintained  in  that  case  only  by  an  exaggera- 
tion of  the  process  just  descrilx>d,  and  the  blood- 
piessure  will  necessarily  l)e  hi.L'h.  Any  attempt  to 
bring  It  down  by  violent  purgation,  drug>.  or   worse 
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^till,  l>y  l>U'f<liiif,',  ( .m  I'lily  (lrf«'al  Nature  in  lu-r 
ftf'Tts  to  keep  thf  |iatiirit  li<>m  fatal  syiu  opo. 
Liiiiiliai  jMuu  tuif  woultl  ^i\f  iflu-f,  hut  iitifortunatcly 
tlu'  pH'Ssure  is  u>ually  aboNt-  tht-  tciitc.riuin,  and  in 
this  it'j^iiiii  it  i^  scatdly  at  all  attcctcil  by  lumbar 
puni  turr.     N«•^^•ItIl(■U•^s,  it  is  always  worth  a  trial. 

Alter  U>-s  se\eie  injuiies  to  the  luad,  such  as  con- 
cussion, the  blood -prtssure  is  usually  subnomial. 
This  is  pHsuniably  due  to  tlie  inability  of  the  vaso- 
motor (ciitre,  which  shares  in  the  injuiy.  to  recover 
its  full  control  of  the  arteries  in  the  systemic  circula- 
tion. Kej^'ular  observation  of  the  bloocl-pressure  in 
these  cases  is  a  valuable  clinical  guicle  t«t  treatment. 
Absf)lute  cpiiet  in  bed  and  a  milk  diet  should  be 
insisted  c)n  till  the  blood-j)ressure  is  lestorecl  to  the 
patient's  normal,  and  if  any  liberty  j,'ranted  is 
followed  by  a  fall  in  the  pressure,  it  will  be  necessary 
to  proceed  more  slowly.  Hy  observations  on  tliese 
lines  we  may  hope  to  a\()id  the  headaches  and 
nervcjus  prostration  which  so  often  follow  head 
injuries. 

THE    PULMONARY     CIRCULATION. 
HiEMOSTATICS. 

Tlie  circulation  through  the  lungs  also  calls  for 
special  treatment,  because  here  again  the  vessels  do 
not  respond  to  the  impulses  which  elsewhere  cause 
vasoconstriction.  It  has  l)een  exhaustively  argued 
whether  the  lungs  have  any  vasomotor  nerves,  and 
the  answer  seems  to  be  in  the  negative  (though  nerve 
fibres  certainly  run  on  the  vessels).  Adrenalin  is 
powerless  to  constrict  the  arteries  of  the  lung  and 


OF    HLOOI)  PHKSSrilK 


07 


Ijrain  in  c"niis*'f)uen(f  of  tli«'  ahs«'nce  f»f  cffuicMt 
vasfKonstrictors.  TluMffote  the  atmnint  t»f  bltMul  iii 
tilt'  |>ulni<>nary  anM  i>lM»un(l  t'»\Mryinvt'rM'Iy  with  that 
in  tlif  sy^teniif  aiea.  Any  <htj,i,'  whicli  cau>os  vaso- 
(<instri(  tiun  of  the  sy>tfniic  l'Ioo(|-\cs>eIs  will  fiiKur^je 
tho.st'  of  the  hull's.  \\  c  may  tind  ht-rt*  the  cxphiiiation 
of  the  ^l^^•les^rle^s.  nav,  the  positive  mischief  of  ergot 
arnl  a(heii.iliii  in  ha  inoptv  >i^,  whetlier  fr<»ni  injury  "'r 
tubeitle.  On  the  othrr  hand,  there  is  an  im]M)rtant 
fiel<l  Iff  usefulness  for  suth  diuf^s  as  the  nitrites,  the 
vahie  of  which  is  IxTominf,'  increasinf,;ly  recognized. 
Hanntrrhage  in  the  alxlominal  area,  on  the  oilier 
hand,  is  more  likely  to  In*  checked  hy  vas<»constrictor.s 
such  a>  adrenalin  and  i-rgot.  though  there  is  always 
a  danger  that  the  raised  hlood-pressure  induced  by 
them  may  excite  fresh  l)leeding. 
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CHAPTER    V. 
THE    HiEMORRHAGIC    DIATHESIS. 

1h(-  i>livM..l..pv  of  i\w  caKiilatL.ti  of  the  l.l..-.d  — H.pmophilia. 
—  ratliol'>«v  "f  li.iin..iliili,i  —  ir.Mtniciit  of  fi.r(U'ii'liilia.  —  1  be 
tlicrni'i'iitirs  o(  c.ilcniii'  s.ills. 

W1-:  aif  still  far  fi<>ni  a  rlcai  conception  of  the 
exact  patliolo^yot  liicnmpliilia.  purpuva.and 
the  iKLinonliagic  lendent  y  in  jaundice,  but  it  will 
U-  only  by  a  souiul  undeistandiiif,'  of  the  normal 
processes  of  coa^ulatittn  of  the  blooil  that  we  shall 
be  able  to  coinpiehend  the  abnormal. 

The  phenomena  of   blood  dot  tin.u  are  beautifully 
desi,L;ned  to  avoid  two  opposinj,'  evii>  ;   if  \u>  provi>ion 
was  made  f«>r  fibrin  formation  every  injury  would  l)e 
fatal;  but  on  the  other  hand,  if  all  the  essentials  for 
the  piocfss  were  aheidy  preser.t  in  tlie  plasma,  the 
circulation    would    immediately    Ix*    brought    to    a 
standstill    by    intrava>cular    thrombosis.     Therefoie 
coagulation  is  made  to  In-  deixMident  on  contact  with 
damage<l  C(ll>,  either  tis--ue-(  ells  or  leiiKicytes,  and 
in    paitKular    with    the    luu  leoprotein    con.stituting 
their  ihk  lei,  while  the  intact   lining  endothelium  of 
thi-  blo.iil  v.'.-M'ls  has  the  power  «i|  preventing  clotting. 
We  have  all  been  told  that  a  length  of  jugular  vein 
containing  bl'-od  may  V>c  tied  at  ea(  li  end  and  hung 
lip  ti  1  a  wiek,  and  im  clotting  occurs  until  damaged 
ti>Mie  cells  aie  added.     Thu^  we  hnd  that   the  veiy 
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incision  or  laceration  w  •  excites  the  liamorrhage 
l)rovides  also  tlie  wh.  ithal  t..  stop  it.  The 
nucieoprotein  furnishe(i  i.i  'his  way  by  the  tissues  is 
called  thrombokinasc. 

Next,  we  know  that  aikium  salts  are  needful  for 
clottinp.  and  if  they  are  precipitated  by  oxalates  or 
citrates,  no  fibrin  will  be  formed.  An  excess  of 
calcium  salts,  liowever,  delays  clottinp. 

Concerning  thronifxi^cn  or  proihromhin  we  cannot 
speak  so  confidently.  It  is  intimately  associated 
with,  and  hard  to  separate  from,  fibrinogen.  Init  is 
probably  fleiived  eventually  fn-m  the  leucocytes 
and  i)latelets.  Hydrocele  thiid.  wliich  does  not 
contain  any  corpuscles,  will  not  clot  until  bl<x)d  or 

fiV>nn  is  added. 

The  actual  motlicr  substance  of  tlie  fibrin  is  of 
course  the  fibrtnoj^cn,  a  protein  in  tlu-  plasma.  There 
is  reallv  a  double  reaction,  thus  : — 


(i)    I'rothrdmluii       - 
(     tliroinbogcn) 
(?  from  Icucocytt  s) 


(ii)       Thmmbin 


Thronibokinasc 
lfUCotyt<  s  or 

tlSSUl'-Cflls) 


Calcium  sjilts 
(in  pla.xma) 


Thrombin  (  -fihnn  ft-rment) 
l-ibrmo^tn  (in  plasma) 
I 


1-ibrin 
According  to  Mellanby,  tlie  name  fibrin  fcrmmt 
is  a  misnomer,  as  a  particular  weight  of  thrombin 
will  hbeiate  only  a  certain  definite  cpiantity  of  hbrm 
from  hbrinogen,  wlieieas  a  ferment  knows  no  limits 
to  itE  activities. 
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We  have  vft  one  more  I)^•ovi^ion  to  refer  to.  The 
cells"  hiiing  tlie  blood-vessels,  and  the  leucocytes 
tlieniM-lves  are  not  immortal.  When  they  fhe. 
tl-K.mlM.kinase  is  slie-l  out,  and  so  thrombin  would 
he  lormed  and  in«luce  local  clottin.i.,'.  This  does 
actually  o*  t  ur  in  phlebitis  and  other  forms  of 
venous  or  arterial  thiouibosis.  In  the  j'hvsiolopcal 
state,  ho\\t\er,  the  liver  secretes  in  the  blood  an 
iiutillirnmf'iK  !-'ittii  lent  \\\  amount  to  deal  with  siriall 
formations  oi  thionibin,  1  ut  not  suthcient  to  interfere 
with  tlie  natmal  piocess  ot  ane-t  of  luemorrhage. 

(  onsiderable  variations  take  j-lace  in  the  readiness 
with  \\hi(  h  the  ll>lood  coa.qulates,  and  it  i>  olten  easier 
to  und«rstanil  ;. // v  than  Ikk,  this  is  bmut^ht  al)out. 
For  in-tan(e.  at  the  end  o|  piegnaiu  y  cK.ttint,'  is 
iai>id  ;  in  the  dise;'.-e-- mentioned  abo\e  it  i^  detuient 
(II  >low.  After  a  ha-moiiliafj;e,  the  tibnnoplastic 
(clot  loi mint;!  power  iis»'>  <|uickly.  Information  may 
be  obtained  by  means  of  the  codi^iilinictir.  a  standard 
(apiliaiy  tube  mto  whi«h  the  blood  is  sucked  up  so 
thai  the  time  whi<h  it  takes  soli<lifyir./  niay  \>c 
measured.  It  requires  some  care  in  practice  to  avoid 
variations  in  the  calibu-.  variations  in  temixMature, 
the  inclusion  of  l\inph  or  clots,  etc. 

Associate<l  wilii  deticieiit  coaj^'ulability  there  is 
otten  a  ttnd«ncv  to  t'Uusioiis  of  plasma  throuf^di  the 
capillaiy  walb  on  account  of  the  low  viscosity  of  tlie 
blood.  The  svmi>tonis  of  such  a  tenilency  to  effusion 
are  liability  to  <  hilblains,  headaches,  nettlerash  or 
patdiy  (edema  and  tiaiisient  or  functional  albu- 
minaiia. 
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HiEMOPHILIA. 

Of  all  the  many  ci-nditions  in  wIulIi  the  hji-mnr- 
ihagic  (liatlu'si>  i>  pie>eiU.  h;L'inoi)liilia  i>  at  <mce  the 
must  inteie>tmL:,  the  best  understfwil,  and  the  mt^st 
tia^'ically  dangerous.     We  will  not  stay  to  si)cak  of 
the  curimis  v>n)l»lems  of  its  mheritaiue.  nor  of  the 
well-known  ten<lenry  to  bniisinf,'.  joint  effusions,  and 
bi.fdinK  after  the  most  trivial  injurie>.     One  or  two 
ol    its    {xx-:liarilies,    however.    de<er\e    a    word    of 
mention,  a>  they  may  throw  a  li^ht  on  the  produrtion 
of    the   ha-morrliagic    tendency.     For    in.-,tance.    the 
locahtv   and   the   nature   ..I    tlie   mjuiy   have  some 
si^Miitieanre.     In  a  few  cases,  wounds  below  the  nerk 
may  not  bleed  to  excels,  wliereas  abraMons  of  the 
most  trithnt,'  de>rription  atiectin.t,'  the  hps,  cheeks, 
o--  K'um..  may  bailie  all  attempts  to  stanch  the  flow. 
Again.  nee<lle  pricks,  if  small,  d..  not  bleed,  pn.bably 
because  the  ela>tic  skin  sealr>    .ver  tlu-  o{K-niii-      it 
is  even  safe  to  withdraw  bloo<i  .mm  a  vein.     Further, 
it  is  not  true  that  the  h  emorrhage  never  .Mops.     It 
may   cease   with   or    without    treatment     .-.otnetimes 
permanentlv.  sometimes  onlv  to  com.'  on  ai,'ain  later. 
It  a  sulHuraneous  hematoma  develops,   th.    wall  is 
lined  bv   well-formed  cl.)t.   but    the  cent.al   portion 
contains  bl...)d  which  shows  no  tendency  to  coagu- 
lation m  spite  of  the  contict    with  clot       It   is  the 
capillaries,  rather   than  the  arteries,  which  continue 

to  ooze. 

It  will  l^  a  matter  of  opinion  whether  under  tlie 
R,.neric  name  of  luemophilia  we  shouhl  include  cases 
that  ari>e  everv  m.w  and  then,  in  either  sex.  of  a 
congenital   and    persistent    tendency   to    bruise   and 
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\>Uc(\  frrun  every  slif,'ht  .ihrasion.  apart  from  any 
taiiiily  liistoiy  (i(  a  similar  kind  Tliere  is  no  douht 
that  the  symptoms  and  course  of  sonie  of  these  cases 
are  idnitual  witli  orchnary  liamophi'ia,*  and  they 
are  nearly  as  common.  Bulloch  states  that  the 
characttiistic  joint  afiections  never  occur  except  in 
the  heredit.iry  class. 

PATHOLOGY    OF    HiCMOPHILIA. 

Up  to  a  certain  point  nifidern  ol)ser\ers  are  agreed 
as  tf)  tlic  (;iu.'-e  of  lianiopliilia.  ICver  since  Sir 
Almroth  \\iif,'lit.  nearly  twenty  years  ago,  showed 
that  the  coagulation  time  in  these  patients  is  very 
greatly  delayed,  all  students  of  tl'e  di.sease  who  have 
carefullv  fultillni  tlie  jtroper  conditions  have  been 
able  to  estal>li>li  lii>  di.-^co\ery.  Normal  blood  in  a 
\\'iight's<<>agulimeter  tube  (lots  in  five  to  ten  minutes; 
lianiophiliac  blood  may  take  anything  from  hfteen 
to  mnet\'  minutes  to  solidify,  although  the  eventual 
yield  of  fibrin  is  copioii.--  .iiui  dim.  Addi>  h.i,-^  >ho\vn 
tliat  the  ( (lagul.ition  time  is  exattly  related  to  the 
seveiitv  ot  the  tendency  to  bleed,  tlie  milde>t  cases 
yirlding  the  shortest  times,  and  the  se\  ere  ca.^es  the 
longest.  It  is  true  tliat  a  tt-u  wholiave  used  the  blood 
shed  out  duiiiig  an  actual  hanionliage  have  found 
no  (lel.iy  III  tlie  coagukition  time,  but  apart  from 
other  lalhuies,  such  as  the  danger  of  in(  hiding  tibrm 
(eiinent.  tlie  mere  lad  of  the  continued  bleeding 
makes  tlie  bloo<l  clot  more  rapidh' both  in  bleeders  and 
in  onhnaiv  jieople,  as  Wright  and  Addis  liave  shown. 


•S(r    iiiNiiiuts    t:i\t\\    \<v    S.]uir<'.    Urit     Me.i     J   ur.    kjio,    i., 
I'    lii'^  :    ami  (lik-r,  l.annl.   T'lH'.  1  .  I>.   12Hj. 
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Another  ;ihn<»rinalit\  in  the  1)1o«k1  i>  a  frequent 
(leticiency  in  j><)|ymor{)h<)nu(  lear  leucocytes. 

Weiiiavtake  it  that  the  rival  theni  \  .  that  of  the 
undue  fragility  of  the  ves.se!  walls,  is  now  dehnitely 
abandoned.  Moiawit/  and  I.ossen  ha\e  }>')tli  shown 
that  tlie  (rdeina  ol-t.tined  hy  dry  <  uppiiif;  is  no 
^;reater  in  haniopliiliacs  than  it  is  in  normal 
individuals. 

So  far,  then,  there  is  substantial  apreement. 
When  we  seek  to  go  further,  and  to  in(|uiie  just  which 
we  are  to  hlanu"  of  the  varimis  elements  that  take 
part  in  regulating  the  coagulation  of  the  blood,  the 
problem  becomes  complicated. 

Theoretically,    the    delay    might     be    due     to  : — 

(1)  Deficient  (juantity  or  quality  of  the  fibrinogen  ; 

(2)  Delkieiu  V  or  e.\(  ess  of  calcium   salts  ;     (3)   De- 
ficient   (juantity   or   quality   of   the  thromlH)kinase : 

(4)  Deficient  i|uai       /  or  (juality  of  the  prothrombin  ; 

(5)  ICxcess  of   antithiombin. 

In  the  e.xaniiiiation  of  these  factors  we  follow  the 
reseaiches  of  Addis.  The  main  point  to  determine 
is  whether  the  delay  is  in  the  tirst  or  the  second  of 
the  two  reactions  inv(»lve<l.  — that  is,  in  the  conversion 
of  prothrombin  into  thntmbin,  or  in  the  conversion 
of  fibrinogen  into  hbrin.  It  pr(..es  that  the  former 
is  at  fault  ;  the  latter  is  quitt-  normal.  Hitmophiliac 
fibrinogt-n  is  as  rea<lily  clotted  by  normal  or  by 
haniophiliac  thrombin  as  is  normal  hbrinogen,  and 
normal  fibriiuigen  is  easily  dotti-d  bv  thrombin  from 
a  bleeder.  Hut  the  h;tmop>hiiiac  blood  must  stand 
a  l(»ng  time  befoi.'  an\  prothrombin  is  converted  into 
thrombin. 
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Takint,'  "P  ^''*"  p'-ints,  then,  in  order  ■  — 

1.  l  In-  ilffcit  IS  tint  nt  the  filnnix^cH,  iKHause  it 
is  readilv  dotted  it  i-olatcd  and  ticatod  witli  tlironv 
bin.  Monovei,  wluii  (l..t  dot--,  at  la^t  form  'hiring 
a  liamorrliaL;*'.  it  i>  as  firm  and  abundant  as  in 
ordinary  Mood. 

2.  I  Iw  iliiiit  IS  tint  in  the  liiLiiim  Sidts.  because 
anah-i'-  ^liou-^  no  abnonnality  in  quantitv,  and  the 
addition  of  tlif-e  salt-  to  diawn  Ii.niii>i'liiliar  blood, 
tl)'.ut::i  It  niav  ha-ttii  till'  nine  of  dottiiif,',  does  not 
brini.;  it  to  iiomial. 

;.  ■//;.■  difiit  IS  nrt  ill  tin-  tl:iiiml"kiiutst  H»-ie 
Salili  i'".ii.-  i->ue  with  .\d(h.-,  be.  au>e  the  addition  of 
washed  ItUMxAte-  li'  haiii'^philiai  bjcod  ra|)idly 
car.vs  it  to  (lot.  Ili<-e  maw  lio\\«'\ci.  briiif.'  m 
jirotliii'inl'iii  a.-  well  as  thionib-.kinae.  ,ind  Addis 
shows  tliat  -<ihitions  ••[  tliiomlM.kinaM'.  iUri\ed  by 
.  MidimL;  up  ti-ti-  in  saline,  liave  f.ir  less  «'lle<  t  on 
lueni'  i  bili.i'  than  on  normal  bloo<l  un!e»  veiy  n.n- 
u-ntiat.d  extiati-  ai.-  M-ed,  Ai;ain.  lli<-ie  is  ]U>t  as 
mudi  tho'mb..kina-<-  in  tl\e  serum  "t  a  bleeder. 
>quee/.i-d  out  ..ttei  <  .)aL;ulation,  a>  in  tliat  "f  a  normal 
pel  son. 

.\  It  IS  lu  llic  pr><tlir>'tti}ii)i  thai  the  (/<•/<(/  /;<'s.  A 
veiy  littK  noimal  piasma,  "i  a  few  washed  eorjniseles 
fiom  a  nwimal  pei^on,  le.-toie  the  coaj^'ulation  i)<)wer 

forthwith 

Addis  l.elu\i'>  tli.it  he  ha-  diiectly  proved  the 
point  bv  the  ad"pti"n  ot  the  foHowint:  method  for 
isoKitint:  the  i>iothioiiibiii.  and  at  the  same  time  he 
has  e-t.d.li-iud  that  in  tin-  h.emorrhagic  (hathesis  it  is 
detuieiit  not  in  ciuantitv  I'Ut  oiilv  in  character.     He 


THK     ILKMORHIIAtiK'     lUATUKSlS 


T.» 


prcparea  a  solution  <>f  tiluino^eii  from  normal  or 
ha-mophiluu:  j.JaMiM  in  the  ordinary  way  l.y  prt-cipi- 
tatln,^itbypa«.sin^'astl^•a^l  <'t  carbon  diovi.lf  throuph 
plasma  k.-jit  tioni  clotting  ''V  citratr  or  oxalutr. 
Fibrinogen  so  obtained.  a>  Mrllanby  shows,  always 
carries  with  it  prothrombin,  and  in  the  pie>enee  of 
cakium  ^alts  and  thronibokmase  would  hl)crate 
thrombin.  Addis,  howevei ,  a(hled  instead  a  trace  of 
thrombin,  which  clotted  the  fibrinoj^en  and  left  its 
prothrombin  in  solution  When  a  trace  of  prothrombin 
so  obtained  from  a  normal  blood  was  adde<l  to  hiiiiio- 
philiac  blood,  this  prompt  lycoaL;ulated.  The  criticism 
W(.ul<l  of  course  i>e  that  tlieie  wa^  some  unust-d 
thrombin  present  as  well,  too  much  haviii}.;  been  added 
to  the  fibiinogen. 

Thu-.  the  exact  patholoL'V  of  h;emophilia  wouhl  b.-. 
m  Addis'^  opinion,  a  coni^.nital  delect  in  the  con- 
stitution o}  the  prothnunbin.  whereby  it  yiehls 
thtombm  nnuh  too  slowly.  l'o»ibl\  the  leucocytes 
are  ultimately  at  tault. 

The  practical  deduction  we  shall  see  later 
5.  7  /j.TC  IS  n->  iXi'.-ss  cf  iintithrxmfiin  in  the  plasma 
of  the  l)leeder.  If  there  were,  the  a<ldition  of  a  trace 
of  normal  blo-.d  would  not  cause  haniophihac  blood 
to  clot  as  it  does.  Iwcause  any  thrombin  m  the  former 
woul.l  be  oxfrjxiweied  and  de-^troyed  by  the  anti- 
thrombin  in  the-  l.uter. 

To  -um  up.  the  secret  ot  hamophilia  lies  in  a 
defective  (jualitv  of  the  prothrombin,  such  that  it 
tikes  much  longei  than  usual  to  d.-vel<»p  into 
thrombin.  No  eviden<  ••  is  yet  to  land  to  -how 
whether     the    h.t  riv-rrha^ic     tendencie-     in     scurvy. 
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purpura,   jK-rnirious    ananiia,    and    occasionally    in 
)aun<li(<'  lia\«'  tin-  sanit-  <xplanation. 

It  IS  imjK.rtant  to  Ixar  ui  mind  the  fart  that 
certain  ( asis  of  )a\indic«-  may  oo/.«'  to  dt-ath  by 
capiliarv  h.inionliai^f  aftir  ojH'ration  ;  most  of  us 
« .in  r»(<'ll«Tt  instaiues  of  tins  calamity.  It  has  l)een 
n-connncndcd  to  f^ivc  drachm  d«>ses  of  calcium 
chloride  for  thi««-  davs  hcforc  the  o|H-ration.  but 
probably  a  more  useful  j)roceedin^,'  would  be  tt>  take 
the  coagulation  tune  by  means  of  a  Wriuht's  tube, 
and  to  reluse  to  oj^iate  (»n  any  cases  showing;  serious 
delay. 

TREATMENT    OF 
THE    HitMORRHAGIC     DIATHESIS. 

It  will  be  gathered  that  unlortuiiatelv  the  under- 
lyini;  <auM-  of  h;iinoplulia  do  not  lend  themselves 
to  dne<  t  remedy.  We  cannot,  e.\cept  by  one  drastic 
pi..(eedin>:,  uilhiiiuf  the  (jualitv  or  ([uantity  of  the 
more  (onijtiicated  ami  sp»riali/.ed  libruioplastic 
elements  m  the  blood,  and  we  can  use  only  those 
means  which  in  a  i^-eneral  way  are  imderstood  to 
increase  the  coagulability. 

Sometimes  the  ordinary  suiL.'ital  means  such  as 
re--t,  pressiue.  pluu^uifi.  or  adrenalin  mav  1h^  success- 
ful. It  is  usuallv  advised  not  to  Mitch  wounds, 
ti'i  te.ii  ot  MeediiiL:  fiom  the  punctures,  but  if  these 
aie  mad<  with  a  .-^mali,  ]>erhaps  a  round  iMxlied 
iK-edle.  tile  ekistuitv  of  the  >kin  will  prevent  oozing. 
riientiMe  It  tiyht  stitching  would  obviously  bring 
useful  j)ie— .!ire  to  bear,  it  slionM  l>o  resorted  to,  but 
«'nlv  111  tlie  ^kiii,  not  m  nnirous  membranes. 
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It   has  Ijeen   advised,  and   tlie  advice   is  physio- 
logically sound,  to  apply  noiwal  human  blo«Hl  to  the 
.H)zin«"i)oint.     Unhappily,  even  .f  a  mass  of  clot  i& 
formed  over  the  wound,  it  soon  pets  pu.hed  away  by 
the  collection  of  undotted  blood  l)eneath  it.     For 
the  normal  arrest  of  ha-morrhai^e  it  is  necessary  either 
that   clotting'  should  take   place  inside  the  bleeding 
vessel  or  that  it  should  till  the  woun«l  so  tiulitly  alwut 
this  vessel  as  to  pres«-nt  a  cmplete  block  to  the  flow. 
It  is  often  imj^ossible  to  K'et  the  remedy  near  enough 
to  the  actual  rent  in  the  artery  .)r  ( apiUary  to  brniK' 
this  about,  and  the  shai>e  of  the  wound  mav  not  lend 
itself  to  hlliiiK  up  ti^^htly  with  firm  dot.     Neverthe- 
less,  the  method   is  simple  and   painless,   and   has 
sometimes  succeeded. 

Styptics  su(h  as  ferric  chloride,  tannin,  or  alum 
maylx'  applied  to  the  wound,  but  they  are  painful 
and  lead  to  much  sloiifjhin^'.  so  it  is  well  first  to  give 
a  brief  trial  t..  tie>h  normal  blood  applied  by  wool 
pledgets,  and  to  Wrights  physiological  styptic 
(thr(.mb<.kina>e),  comp.sed  -.f  one  part  of  minced 
thymus  in  ten  parts  o!  normal  saline  This  produces 
a  hrm  clot,  but  doe>  not  act  a>  quickly  as  the 
escharotic  stvptKS. 

Internallv.  V\nght  enes  calcium  salts,  preferably 
the  lactate,  but  admitted ilv  this  is  a  l>)w  drawn  at  a 
venture,  t^cause  the  ■  ah  lum  is  often  al,:^)rl>e.l  very 
badlv.  and  mav  ahcady  l)e  at  the  optimum  in  the 
blood.  The  tirst  dimculty  may  be  .»i>viated  m  5«.me 
patients  bv  using  magnesium  lactate  or  carbonate. 
The  doses'oi  anv  of  these  drug>  should  be  (x^  grams 
for  adults,  and  15  grams  for  children,  at  once.  toUowed 
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I'V  i'»-i,'iaiii  (l<)s«s  thu'f  tiiiic-^  i(  <l.iv  ('»r  tlin-f  days 
l<.i  .i<Iiilts,  with  a  <  <'M«'-|>oii<|inL;  itMlii(  tion  fi>r 
»  Inlduii.  <  ,il(  iuni  salt>  if\ti«tr  tluii  ffU-et  after 
\]\uv  (ln\>.. 

To  tin-  >ann'  autlioiity  \\('  .iir  iii«Iel't«'«I  fur  the 
^tif,'r,'«'>tiiiii  tliaf  we  vhould  a<iinini>t(-i  tailM.n  dioxide 
;4as,  ritluT  ln>tn  a  Ki)>|)'s  apparatus  « ontaiiiinf,' 
inaiMr  ami  livdioclilniu  ai  id,  ni  tiniii  .kcNlimlri  of 
the  ^a^.  \iii<iu>  Morid  i>  nun  li  uk.ic  ( oaj^'ulaMe 
tli.iii    aitfiial.      Dyspima    ^IimiM    If   a\<iidrd. 

W'til    it<  ('innu'iuU    ti  o    injci  tiuii    of    lii>iM'-sfnnn, 

<  nrnciutntly  ohtaiiifd  as  diplitln-iia  aiititoMn,  It 
jipilialiK  nil  icaM">N  tlir  latt-  of  Mood  (lot  fiiii:,  liiit 
app.iifiith    ii"t   until   many   lioiii'.  lia\i'  pa>^»d,  .uid 

<  iinM'(|Ufiitly  It  ofttn  taii>  in  piattiif. 

Ilific  itinaiiis  one  la--t  i«>oit  in  the  most  di";prratr 
(  a^rs,  and  no  i).itH'nt  should  In-  aljouccl  to  (\\v  of 
li.imopliilia  witliout  its  Imiii,:,'  attfiupttil.  Wr  lia\e  >oen 
that  tlu'ir  IS  only  (me  way  t<>  rrstoif  i.iompt  ( oa^'ula- 
liilitv  to  h.i jnopliiliac  Mood,  and  tluit  is  to  supply 
noim.d  l>lood. 

(loodnian  has  pnMi>hed  i  Wfllwritten,  almost 
diamatic  disciiption  of  liis  lnatmcnt  of  a  Jewish 
I'ov,  a;,'»d  two  and  a  half,  a  wrll  known  Mteder  and 
nieinl>iT  ot  a  Mocder  family,  who  was  lutiiibtmd  from 
li.unorrha_m'  hom  a  i  ut  iiisi'lc  the  dieek,  whi<  ji  had 
oo/ed  ince^^.^ntly  lor  two  days.  rus>ure,  adrenalin, 
stvptirs,  (  akiuin  salts, and  horse-serum  (antitoxin)  had 
all  been  tried  in  \  ain,  and  ImalK'  the  diild  lay  motion- 
less and  pallid,  scarcely  breathing,  with  hainoglobin 
down  to  ij  per  cent,  and  hitniorrhage  < ontinuing. 

(ioodinan  decided  to  inject  normal  human  blood. 
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A  donor,  not  a  rt'lativf,  wa-  teste*!  »>>'  Wassermann's 
trst  for  sypliili>.  ami  (If  liml  ttt-tv     I'nder  novocain 
ana>thfMa   hi-,   ladial   aittry   was  connected   by   an 
KIslKTf,'    ( annula    witli    tlie    (hild>    fenu«ral    vein. 
TIhto  were  sonit-  initial  dilti(  ultu's  in  k'fttinj,'  a  f,'o<Kl 
flow,  ajid  h«>t  clothe  liad  to  be  a|)|»lu-d  ;    linally  the 
l)asilir  vfin  w  t-.  s»il»>titut«'d  for  tin-  tt'inoral.  on  at  count 
of  dilfin-nces  in  the  hvrl  of  thi>o  patients.     Trans- 
fusion   was    continued    for    twenty-eiKht     minutes. 
lUniii^   thi>   tune  colour  f,'radually  mounted  up  in 
the  <  hecks  of  the  httle  Mitleicr,  the  l>reathini,'  Infame 
audililf  once  more,  tlie  alm<i>t  watery  l)lood  ac<|uired 
Its  normal  line,  and  the  hamoj.;lol)in  rose  to  70  jht 
cent.     Most    significant    of    all.    the    Meedini:    was 
conipktelv  and  permanently  aiiested.  and  there  was 
no  hamorrha^'e  itom  the  incisions,     lioth  made  an 
excellent   recovery.     The  donor   ie(|uired   to   lest    in 
l)ed  for  a  few  days. 

The  alxive  de>ciil»e<l  case  by  no  means  stands 
alone  ;  excellent  results  have  l>een  obtained  in 
septicemia  and  in  coal-f^'as  {xiisoninj;  as  well  as  in 
ha-mophilia.  It  will  not  do  to  use  animal's  bl<M)d. 
iKJcause  bloods  of  tlifferent  sfK-cies  are  mutually 
destructive. 

The  connection  between  the  two  patients  may  be 
made  by  dissecting  out  a  short  length  of  artery  and 
vein  resj>ectively  under  l<K\al  aniesthesia,  and  uniting 
them  •■ither  by  a  short  oikil  glass  tul)e  or  by  Carrel's 
immediate  suture.  Of  course  great  care  must  l)e 
taken  not  to  inject  clots  or  air,  and  the  technical 
difTiculties  may  l)e  considerable. 

When  a  healthy  adult  supplies  blood  to  an  infant, 
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the  donor  suffers  no  ill-effects,  except  that  rest  for 
a  few  days  is  desirable.  In  many  cases,  however, 
especially  if  older  ( hildren  or  adults  are  U)  he  trans- 
hised,  it  would  be  well  to  pro\ide  two  donors,  either 
simultaneously  or  successively.  But  probably  it  is 
not  necessary  to  transfuse  large  quantities.  We  hav-e 
seen  that  quite  a  trifling  addition  of  normal  blood 
will  make  it  possible  for  haemophiliac  blood  to  clot 
promptly,  and  there  is  no  need  in  most  cases  to  do 
more  than  stanch  the  bleeding.  Rest,  fresh  air, 
plenty  of  fluids,  and  iron,  will  speed  the  convalescence. 

THE    THERAPEUTICS    OF    CALCIUM    SALTS. 

So  mudi  interest  has  lately  attached  to  this  subject 
that  brief  mention  only  will  be  called  for  of  the  uses 
to  which  calcium  salts  liave  been  put.  It  has  long 
been  recognized  by  physiologists  that  they  are 
essential  t<j  the  continued  success  of  perfusion  fluids, 
and  now  we  know  that  they  contn*!  the  coagulation 
and  viscosity  of  the  blood,  and  probably  the  functions 
of  the  ovary  and  parathyroid  glands  also. 

Remarkable  results  have  been  obtained  in  many 
cases  by  giving  calcium  lactate  in  15-grain  doses 
three  times  a  day,  for  three  days  only,  in  the  following 
conditions. 

Transient  or  functional  albuminuria. 

"  Lymphatic  "  heatlache  frequently  recurring  in 
anamiic  young  women. 

Some  urticarial  cru{)tions. 

Chilblains.  In  this  common  complaint  it  may 
work  like  a  tharm. 

Ail  wiiiftics  v'i  tot.tiiy. 
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T'  •  symptoms  of  the  menopause  are  sometimes 
greatly  relieved  by  calcium  lactate. 

In  all  the  above,  however,  there  is  one  constantly 
recurring  source  of  fallacy.  The  power  to  absorb 
calcium  from  the  bowel  varies  much  in  different 
people,  and  some  observers  record  negative  results 
after  giving  the  drug.  Magnesium  salts  will  some- 
times be  more  effectual  if  calcium  fails  to  get  into 
the  blood. 
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CHAPTER    VI. 

THE    PHYSIOLOGY  OF    URIC   ACID   AND 
OTHER    URINARY    DEPOSITS. 

I'ric  Acid:  1  )friv,itiiin  fr'in  fnixl-stufts  :  Derivation  from  tlic 
tisMiis;  Tlif  [Minti  bddies;  duut — Culcium  oxalatt- — Cvbtin 
— (jiiicral  laws  lif  calculus  furinati'iU. 

THIi  substances  wiiicli  may  form  a  crystalline 
{leposit  in  the  urine  are  many,  but  we  shall 
here  refer  only  to  thiee,  namely,  uric  acid  and  the 
urates,  oxalate  of  calcium,  and  cystin.  We  shall 
first  consider  wliat  lif,du  has  been  thrown  upon  the 
origin  of  these  substances  in  the  animal  body,  and 
then  incjuire  wliat  are  llie  factors  that  lead  to  their 
precipitation  and  aggregation  in  the  form  of  calculi. 

URIC  ACID  AND  THE  URATES. 
For  many  years  totally  erroneous  views  were  held 
by  physiologists  with  regard  to  the  origin  of  these 
substances.  It  has  been  customary  to  argue  the 
physiology  of  the  manmial  from  that  of  the  bird, 
with  disastrous  results.  Removal,  or  rather  isolation, 
of  the  liver  in  geese  was  shown  by  Minkowski  to 
diminish  the  output  of  uric  acid,  wliilst  ammonium 
salts  and  lactic  acid  were  increased  in  the  urine. 
Hence  it  was  concluded  that  uric  acid  was  fomied 
in  the  liver  from  ammonium  salts  and  lactic  acid ; 
and  for  birds  and  reptiles  this  is  true.  In  mammals, 
the  nietal)o!ism  is  totally  different.     Tlse  end  product 


j.>»-r-!»y^o«iKf«'TE:«i'5«S.""C'<  "«^  = 


THE    PHYSIOLOGY    OF    URIC    ACID    83 

cf  protein  metabolism  in  birds  and  snakes  is  uric 
acid  ;  in  mammals  it  is  urea.  It  liy  no  means 
follows,  therefore,  tliat  uric  acid  is  formed  in  the 
mammalian  liver.  We  may  say  at  once  that  urea 
is  formed  in  the  mammalian  liver. 

We  now  believe  that  uric  acid  in  mcimmuls  is 
derived  partly  from  certain  substances  in  the  food,  and 
partly  from  the  breaking  donn  of  cell  nuclei,  ichich 
lakes  place  in  most  origans  in  the  body,  notably  in  the 
spleen.  From  these  organs  it  is  carried  to  tlie  kidney, 
and  excreted  tliereby.  As  we  shall  see,  however, 
there  is  a  curious  complicating  factor,  in  that  any 
uric  acid  which  chances  to  reach  the  liver  instead  of 
the  kidney  is  changed  into  urea.  The  liver,  like  all 
other  glands,  furnishes  a  little  uric  acid  to  the  blood, 
but  it  probably  destroys  more  than  it  supplies. 

The  researches  of  Fischer  and  his  pupils  have 
demonstrated  that  uric  acid  l)elongs  to  a  group  of 
bodies  containing  a  hypothetical  nucleus,  the  purin 
ring.  Other  members  of  the  group  are  xanthin 
and  hypoxanthin,  which  occui  in  muscle  and  meat 
extracts  ;  caffeine,  which  occurs  in  coffee  ;  and 
theobromine,  in  cocoa.  Many  food-stuffs  contain 
small  quantities  of  these  bodies  ;  amongst  vegetables, 
peas,  beans,  lentils,  and  asparagus  may  be  mentioned 
as  yielding  them  ;  there  is  also  a  small  quantity  in 
beer.  Milk,  eggs,  and  most  v'^^'^clables  contain 
practically  no  purin  bodies. 

The  nuclei  of  all  cells  in  the  animal  body  contain 
a  special  form  of  protein  called  nucleoprotein,  in 
which  the  protein  is  combined  with  nucleic  acid. 
On  ultimate  analysis  this  substance  yields,  amongst 
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otlier  products,  certain  piiiin  Ij<>die>,  called  cruanin 
and  adenin. 

The  uiic  acid  and  other  puiin  Ixxlies  in  the  urine 
(xanthin,  etc.)  are  ilerived  from  two  sources,  referred 
to  as  cxo^^cnous  and  cmioi^rnons.  \^y  exoiicnnns 
ori<^in  we  mean  tliat  substances  t  apable  of  \ieldini^ 
purin  bodies  taken  as  food  are  broken  clown  i)y  the 
digestive  juices,  tlie  purin  bodie-;  are  then  liberated 
and  absoibed  by  the  blood,  carried,  witli  or  without 
alteration,  to  the  kidneys,  and  by  tluMii  excreted  in 
the  urine.  Tliese  have  never  been  built  up  into  the 
protoplasm  of  the  livin.s?  cells  of  the  body.  Hy 
cndopcnons  otifiin  we  mean  that  purin  bodies  are 
end  products  of  tlie  breaking  down  f)f  certain  of  the 
constituents  of  the  living  protoplasm  of  tlie  indi- 
vidual. In  other  words,  the  purin  bodies  of  the  urine 
may  be  derive<l  from  the  food,  or  frt»ni  the  living 
tissues  of  the  body.  The  normal  man  on  an  ordinary 
diet  excretes  exogenous  and  endogenous  purin  in 
about  ecpial  (luantities. 

Variations  in  the  amount  of  uric  acid  excreted 
may  be  affected,  then,  by  variations  in  the  fi>od,  or 
by  variations  in  the  breaking  down  of  the  tissues. 

Considering  first  the  effect  of  diet,  it  is  found  that 
on  a  purin-free  diet  the  uric  acid  and  the  purin  bodies 
in  the  urine  drop  to  about  half  the  ordinary  amount. 
Feeding  on  meat,  broths,  coffee,  etc.,  increases  the 
cxcietion  of  the  uric  acid  and  other  purin  bodies,  and 
the  same  effect  may  be  obtained  by  feeding  with 
hypoxanthin  itself.  Again,  any  tissue  rich  in  nucleo- 
protein,  that  is  to  say  rich  in  cell-nuclei,  will,  if  given 
by  the  mouth,  increase  the  output  of  uric  acid  ami 
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purin  bodif.^.  Calf's  thymus,  the  pk'  of  fislies,  liver, 
and  pancreas  (sweetbread),  all  have  this  effect.  To 
sum  up,  uric  acid  and  other  purin  bodies  are  derived 
from  feedint;  on  : — 

1.  Turin  bodies  in  meat,  broths,  coffee,  etc. 

2.  Nucleoprotcins. 

Strange  to  say,  feeding  on  uric  acid  itself  causes  no 
increased  output  in  the  urine  ;  instead,  there  is  a 
greater  excretion  (tf  urea.  If  urates  are  inject*^d  into 
the  blood-stream,  uric  acid  and  urea  are  both  in- 
creased in  the  urine,  only  part  of  the  uric  acid  injecteil 
being  recovered  as  such.  Evidently  then  some  organ 
is  capable  of  converting  uric  acid  into  urea.  This 
organ  is  the  liver,  and  a  uricolytic  ferment,  destroying 
uric  acid,  may  be  obtained  from  it. 

The  whole  of  the  purin  body  given  by  the  mouth 
does  not  appear  as  purin  body  in  the  urine.  A  good 
deal  appears  as  urea.  There  is  a  fraction,  constant 
for  the  species,  representing  to  what  extent  this  takes 
place.  In  man,  half  the  purin  body  absorbed  is 
destroyed  bj-  the  liver.  In  the  dog,  nineteen- 
twentieths  are  destroyed.  The  (hfterence  appears  to 
depend  on  the  differences  in  relative  size  of  the 
blood-vessels  of  the  liver  and  kidney  in  the  various 
species.  thf>se  of  tlie  dog's  liver  being  \ery  large. 

It  has  vet  to  be  explained  how  it  is  that  adenin 
and  guanin — derived  from  nucleoprotein — and  xan- 
thin  and  hypoxanthin — derived  from  nuiscle— come 
to  be  excreted  partly  as  urea,  partly  as  uric  acid,  and 
partly  as  less  oxidized  purin  bodies. 

It  is  now  known  that  many  organs  of  the  tody, 
notably  ihe  spleen,  ct^aiiaiu  a  lemarkable  series  of 
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fennenls  acting;  upon  these  substances.  Thus  there 
ha\e  been  cibt  liiicil  : — 

Xuclcitsr,  splitting,'  nucleoprotein,  and  liberating 
{,'uanin  and  adeiiin. 

GiiiDiiisc,  c()n\(Mting  guanin  (r.H..N,0-NH  )  into 
xantliin  (C.H  ,\  ,().). 

/I (/(Vh/sf,  converting  adenin  (('.H.\,-XH.)  into 
hypoxanthin  (C.H.N.O). 

Oxidnsc.  conviTting  xanthin  (fJI  ,\ ,() .)  and  hypo- 
xanthin (C,H,X,0)  into  uiic  acid  (C.H  ,N', ().,). 

If  spleen  pulp,  which  is  rich  in  nuclei,  is  left  to 
digest  itself  at  a  suitable  tenii)erature.  xanthin  and 
uric  acid  are  formed  /;/  sKu. 

The  purin  bodies,  then,  split  off  from  j)rotoplasm 
in  tlie  body  "r  deri\ed  from  food  containing  purin 
bcKlies  or  nucleoprotein,  are  acted  on  in  the  spleen 
and  in  all  other  organs  by  tliese  ferments,  and  even- 
tually uric  acid  would  be  produced.  This  is  excreted 
by  the  kidney  as  lapidly  as  it  is  formed,  so  that  it 
is  not  possible  to  i.>olate  it  from  normal  blood. 

Side  by  side  witli  this,  the  liver  is  exercising  its 
destnictixe  function  on  so  much  of  the  uric  acid  as 
may  be  brought  to  it.  The  products  of  its  action 
are  urea,  antl  probably  glycin  (amino-acetic  acid). 
If  the  liver  is  largely  shut  out  of  the  circulation  by 
means  oi  lick's  fistula  (putting  the  portal  vein  into 
the  inferior  \ena  cava),  uric  acid  appears  in  the  blood 
even  on  a  purin-free  diet,  because  now  so  much  of  it 
escapes  the  activity  of  the  liver  cells.  The  same 
effect  is  observed  if  the  aorta  is  tied  above  the  coeliac 
axis,  both  the  liver  and  the  kidney  being  shut  ot^"  by 
ihib  opeialiou. 
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A  little  remains  to  be  said  with  rei^ard  to  the 
oiulogenous  oiijijiii  of  puiin  bodies.  They  are  derived 
from  two  main  sources,  the  xanthin  of  the  muscles 
and  the  nucleoprotein  of  all  cell  nuclei.  Much  of 
the  purin  bodies  split  off  from  these  is  oxidised  into 
uric  acid  by  the  above-mentioned  ferments,  but  only 
that  which  chances  to  be  carried  to  the  kidney  Ix'fore 
it  reaches  the  liver  appears  in  the  urine  as  \uic  acid 
or  urates.  That  which  finds  its  way  to  the  liver 
appears  in  the  urine  principally  as  urea. 

The  excretion  of  purin  bodies  on  a  purin-free  diet 
is  of  course  entirely  endogenous,  and  the  daily  output 
is  a  constant  for  the  individual,  depending  roughly 
on  the  weight  of  his  muscles.  It  is,  however, 
increased  greatly  by  muscular  exercise.  Whilst  the 
hard  work  is  proceeding  the  uric  acid  output  falls 
a  little,  while  the  xanthin  output  ri.ses  correspond- 
ingly ;  the  muscles  take  up  so  much  oxygen  that 
there  is  none  to  spare  to  oxidize  xanthin.  After 
the  work  is  over,  the  uric  acid  rises.  Unaccustomed 
work  is  much  more  effectual  than  routine  work. 
There  is  also  a  considerable  rise  in  any  conditions 
where  cell  nuclei  are  rapidly  broken  down.  As  is 
well  known,  there  is  an  increase  of  both  uric  acid  and 
purin  bodies  in  the  urine  in  fever,  and  especially  in 
leukctmia.    In  g<^ut,  less  uric  acid  than  usual  is  passed. 

It  appears  that  purin  bcjdies  are  not  utiUzed  by 
the  body  in  the  synthesis  of  nucleoprotein  in  the 
protoplasm.     It  seems  to  be  formed  from  proteins. 

Indeed,  it  is  very  doubtful  if  purin  bodies  ser\x' 
any  useful  purpose.  It  is  certain  that  they  are  power- 
ful stnnulants  m  some  cases  ;    catleme  is  of  course 
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one  (if  tlie  nif»st  powerful  and  satisfactory  stimulants 
known,  pintliK  iiit;  a  really  im  rca>e<l  ca])acity  for 
mental  and  plivsical  work,  livery  one  knows  how 
a  cup  of  stmiif,'  tea,  coilee,  or  lieef-tea  will  refresh  tlie 
weary  and  '^\\v  new  energy  to  the  student.  We  know 
that  s(iuads  of  soldiers  doing  forced  marches  are 
gicatly  li('li)ed  by  caffeine.  It  has  lieen  repeatedly 
proved  in  e\ery  army  that  the  cold-tea  brigaile  comes 
in  first,  the  water  men  second,  and  the  alcohol  scjuad 
a  bad  third.  r>ut  we  nuist  set  against  this  the 
certainty  that  purin  bodies  ])roduce  earlier  degenera- 
tion of  the  arteries,  and  occasi(nially  they  are  respon- 
sible for  \ery  severe  types  of  migraine. 

A  few  words  should  be  said  here  on  the  subject  of 
gout.  The  inmiense  controversies  which  have  raged 
about  this  interesting  disease  are  gradually  giving 
jilace  to  some  settled  conclusions.  The  essential 
point  js  that  1  o  kidneys  are  not  sufliciently  permeable 
to  uric  acid,  or  rather,  to  the  urates.  In  many 
cases,  but  not  all,  they  are  obviously  diseased,  some 
foim  of  chronic  interstitial  nephritis  being  the 
commonest  abnormality.  The  daily  output  of  uric 
acid  i.->  therefoie  found  to  be  subnormal,  whereas  the 
blood  contains  too  much.  Whenever  any  unusual 
amount  of  purin  bodies  has  to  be  disposed  of, 
whether  after  a  meal  too  rich  in  meat,  broths,  or  the 
vegetables  pre\"iously  named,  after  some  unusual 
exercise,  or  an  attack  of  fe\cr,  or  when  katabolic 
changes  in  the  body  have  beei.  stimulated  by  alcohol, 
an  acute  attack  of  gout  results.  The  output  of  uric 
acid  in  the  urine  rises,  the  high  blood  content  forcing 
its   way   as   it    were    through    the   resistance   of   tiie 
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kidneys.  Kven  s<t,  tlie  j>orcentaKc  in  the  blood 
nrmains  too  liitjli,  and  iiv>tals  nt  soditun  biurate 
are  deposited  in  the  cartilages.  In  joints,  this  is 
usually  a  painful  process. 

Tliere  is  evidence,  liowever.  that  the  iiniiermeable 
kidneys  are  not  the  whole  secret  of  pmt.  Appaiently 
the  tissues,  and  particularly  the  joints,  are  more 
vulnerable  to  uric  acid  in  this  disease  than  they  should 
\)€.  In  leukaniia.  in  consequence  of  the  forniation 
and  death  of  the  many  leucocytes,  there  is  probably 
more  uric  acid  in  the  l>l<iod  than  ever  exists  in  gout, 
yet  no  joint  symptoms  are  produced.  As  Walker 
Hall  lias  stated.  "  Few  will  doubt  that  gouty  indi- 
viduals possess  some  inborn  ilefect  or  alteration  of 
nuclein  metabolism  which  lowers  the  resistance  of  the 
tissues  in  certain  directions,  and  so  j)ermits  a  response 
to  irritants  which  is  scarcely  appreciated  by  those 
whose  metabolism  does  not  e.xhibit  this  peculiarity." 

We  are  now  in  a  position  to  draw  some  practical 
and  clinical  deductions  from  the  work  of  the  physiolo- 
gists. An  explanation  is  furnished  of  the  appearance 
of  the  uric  acid  or  urates  deposit  in  the  urine  so 
common  in  functional  or  organic  affections  of  the 
liver  ;  this  organ  is  evidently  less  active  than  usual 
i  n  destroying  uric  acid.  We  may  draw  the  following 
conclusions  with  regard  to  the  prevention  of  calculus 
or  gra\el  in  those  threatened  with  these  complaints. 
Meat  and  broths  should  be  restricted,  also  tea,  coffee, 
and  cocoa  ;  muscular  exercise  must  be  mild,  and 
warning  given  that  fever  is  dangerous.  Of  course 
if  uric  acid  crv'stals  tend  to  form,  plenty  of  fluid  must 
be  taken,  and  alkaline  citrates,  acetates,  or  lartrat'rs 
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f,'ivon.  Salts  of  litliiiini  used  to  l>o  ptofern-d.  since 
lithium  urate  i^  the  most  sohible  of  tlie  urates,  but 
f>otas,>ium  is  <heai)er  ami  intter.  1  he  uric  acid 
showj'r  of  crystals  may  often  be  prevented  by  (iee's 
treatment,  consistin;,'  of  a  larye  ( upful  of  whey  three 
times  a  rjay. 

A  simple  apparatus  for  detenniniiit,'  the  amount 
of  total  piiiin  in  the  mine  lias  been  invented  by 
Walker  Hall.  It  is  readily  used  for  clinical  work. 
The  principle  adopted  is  to  precipitate  tlie  plios- 
phaten  with  ma/^'ncsia  nuxture.  then  add  anunoniacal 
silver  nitratr,  leave  standini.,'  for  twentv-four  hours, 
and  read  the  amount  of  the  siher  purin  precipitate. 
With  ref^ard  to  the  treatment  f)f  tjout,  it  iK'Comes 
evident  at  once  that  as  it  is  impossible  to  repair  the 
damaged  kidneys,  all  that  can  l)c  done  is  to  keep 
the  purins  as  low  as  possible  by  dieting,  and  by 
avoiding  the  various  causes  of  increase  of  those 
purin  bodies  which  ate  formed  in  the  body.  We 
continue  to  give  colchicum,  but  without  any  adetjuate 
physiological  explanation  of  its  imdoubteil  powers 
over  the  disease.  Abundance  of  fluid  will  help  to 
carry  the  urates  through  the  kidneys,  and  potassium 
salts  will  furnish  the  most  soluble  base  with  which 
to  combine  them. 
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CALCIUM  OXALATE. 
It  has  been  fountl  \ery  ditticult  to  obtain  reliable 
estimates  of  oxalates  in  the  urine.  The  method 
commonly  employetl.  introduced  by  Dunlop,  is  open 
to  serious  objections  from  the  chemical  standpx>int. 
Working  with  O.  C.  M.  l)avi.->,  tlie  writer  has  used  a 
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new  and,  tlK'nii'tioally.  tn<>ro  ivli.iblf  nu'tlioil.  but 
it  is  not  (laiint-'l  that  tlir  n-^ults  aie  uvnv  than 
appioxiniatc.  ThtTo  i-'  still,  thfrffon*.  vnnr  thttt'r- 
<*nce  of  opinion  a>  to  the  int'talMili^ni  i>t  thf  oxahites, 
but  the  follownii,'  contlii'>ion>  ait-  hctoiiiinL,'  j^onfially 
acri^ptcd. 

In  ordinary  ciiciim.-^taiKi's,  the  whole  ot  the  oxal.iti' 
in  the  urine  is  derived  from  articles  of  food.  Milk, 
meat,  and  breafl  contain  scarcely  any  ox. i  late  ;  most 
vej,'etables  contain  it.  and  ihub.irb,  r>trawl)ernes, 
and  sorrel  contain  a  relativelv  lari,'e  (piantity.  I 
liave  by  takinf.;  nuu  h  rhubarb  induced  an  attack 
of  oxaluria  sutticiently  marked  to  cause  a  good  deal 
of  smarting  pain  in  the  urethra  from  tlie  sharpness 
of  the  oxalate  crystals.  On  a  milk  diet,  oxalates 
ilisappear  from  the  urine.  This  may  l>c  demonstrated 
by  adding  methylated  ^pirit  and  allowing  to  stand, 
when  any  oxalate  {)resent  in  solution  is  precipitated 
in  characteristic  (Ktahedra.  On  a  milk  diet,  no  such 
crystals  will  be  obtained. 

None  of  the  ordinary  derangements  of  metalx^lism 
cause  the  appearance  of  oxalates  in  the  urine  if 
they  are  withheld  from  the  food.  Thus  there  is  no 
oxaluria  in  fever,  in  leuk;emia  (illustrating  the 
katabolism  of  nucleoproteins),  or  in  diabetes.  In  a 
case  of  oxalic  acid  poisoning  under  my  care,  the 
excretion  was  enormous,  and  there  was  a  heavy 
deposit  of  calcium  oxalate  crystals. 

It  is  not,  h'^iwever,  correct  to  say  that  oxaluria 
never  occurs  on  an  oxalate-free  diet,  though  such  a 
condition  is  rare.  As  is  well  known,  the  usual 
products  of  bacterial  Icmicntatiuri  of  catbohydratcs 
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in  tlic  bowel  are  various  gases  (("114,  CO^),  lactic, 
acetic,  and  butyric  acids,  and  alcohol.  Miss  Helen 
Baldwin  lias  pointed  out  tliat  in  certain  abnormal 
circumstances  oxalic  acid  also  may  be  formed  in  this 
way.  ( dpious  feedini,'  on  sui^ar  will  ruin  a  dog's 
<ligestioii,  and  then  oxalates  may  ajipear  in  the  urine 
even  on  an  oxalate-free  diet.  Occasionally  slie  has 
met  with  such  cases  in  man.  I  have  not  clianced  to 
obser\e  such  a  case  j'ersonally,  and  believe  that  they 
aie  u'lt  common. 

I'ermentation  of  carbohydrates  in  the  stomach  and 
intestines  to  an  excessive  degree  is  common  enough, 
but  it  is  only  rarely  that  there  is  any  formation  of 
oxalates.  I  have  never  been  able  to  obtain  the 
crystals,  citlicr  fr.nn  the  gastric  contents  t>r  fmin  the 
urint ,  of  {latients  with  obstruction  of  the  ])ylorus 
and  ga.->tric  dilatation,  on  an  oxalate-free  diet. 

When  a:  imoniacal  fermentation  of  urine  takes 
place,  as  (Hi  standing,  any  oxalate  crystals  present 
are  rapidly  dis>ol\ed  and  disappear. 

The  oxalate  calculus  is  by  far  the  most  important 
\ariety  occurring  in  the  kidney.  H.  Moore  has 
shown  that  a  pure  uric  acid  stone  is  found  only  in  the 
bladder,  and  that  all  renal  calculi  are  composed  for 
the  most  part  of  calcium  oxalate.  This  is  fi)rtunate 
for  the  v-iay  diagnosis  of  the  condition,  and  as  it  is 
« omparatively  easy  to  control  the  oxalate  excretion, 
it  makes  it  possible  for  us  to  advise  the  patient  how 
to  avoid  a  relapse  after  operation.  To  draw  the 
practical  lessnns  from  our  study,  it  is  ;n'ident  that 
any  jnitient  ^utlering  from  oxaluria  should  abjure 
the  use  of   creen   vegetables,   and   fruits  should   be 
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taken  sparingly.  If  he  i>  obeying  directions,  a  fresh 
specimen  of  his  urine,  mixed  with  an  equal  amount 
of  spirit  and  allowed  to  stand,  will  deposit  only  a 
few  small  crystals  of  oxalate,  and  a  si)ecimen  without 
the  addition  of  spirit  will  show  no  crystals  even  on 
centrifugalizinj,'.  Occasionally,  however,  one  mav 
find  a  case  in  which  oxaluria  j>ersists  even  ()n  a  milk 
diet.  We  must  then  re>trict  the  su,^^^rs  and  starches 
of  the  diet,  and  give  remedies  calculated  to  diminish 
fermentation  in  the  stomach  and  intestines. 

If  patients  object  to  dietetic  restrictions,  potassium 

citrate  will  often  relieve,  both  by  acting  as  a  diuretic. 

nd  by  making  the  urine  alkaline,  thus  dissolving 

the  crystals. 

CYSTIN. 

Cases  of  cy:.tinuria  are  not  common.  Sometimes 
the  deposit  forms  a  yellowish-green  waxy  calculus  ; 
more  often,  flat  hexagonal  crj-stals  are  pa.^sed. 

In  the  chapter  on  the  digestion  and  absorption  of 
proteins,  it  was  explained  that  our  modern  conception 
of  the  molecule  is  that  of  a  long-linked  chain  of 
aminoacids.  grouped  as  monoamines,  diamines, 
and  aromatic  amines.  The  diamines  ordinarily  met 
with  in  a  protein  digest  are  called  arginin.  lysin. 
histidin.  and  ornithin.  Of  this  group,  cystin  is  a 
member,  though  it  is  not  ordinarily  present  amongst 
the  products  of  protein  dissolution.  Its  formula  is 
diamino-/5-thiopropionic  acid  ;  it  therefore  contains 
the  sulphur  of  the  protein  molecule.  It  has  been 
obtained  from  hair  by  chemical  disintegration. 

It  is  suggested  that  in  cases  of  cystinuria  a  physio- 
lo'TJcal  ferment  is  lacking  which  should  convert  the 
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cystin  into  sf)me  simpler  product.  In  a  few  of  the 
patients,  other  abnormal  diamines,  sucli  as  cadaverin, 
liave  also  heen  found  in  the  urine  ;  in  some  cases 
no  abnormal  amines  except  the  cystin  liave  been 
detected.  In  a  number  of  cases  leucin  and  tyrosin 
were  beinj,'  excreted  as  well. 

\'ariations  in  the  diet  influence  but  little  the 
output  of  cystin  in  a  cystinuric.  Feeding  on 
arginin  (a  diamine)  or  tyrosin  (an  aromatic  amine) 
makes  no  difference.  I'eedin^  on  cystin  itself  merely 
increases  the  output  of  sulphates. 

Cystin  is  soluble  in  anunonia. 

It  will  be  observed  that  we  cannot  exercise  any 
useful  control  o\er  the  output  of  this  depo^it. 

GENERAL    LAWS    OF     CALCULUS     FORMATION. 

\\hen  the  cljeniist  sets  aside  a  tluitl  to  crystalhze 
out,  lie  does  not  obtain  a  single  rounded  mass  of 
concentric  layers,  but  many  hundreds  of  sei)arate 
crystals,  sf.me  large,  some  small,  each  with  its 
characteristic  .symmetry.  Tlie  same  is  generally 
true  in  tlie  bladder,  and  separate  crystals,  of  oxalate, 
pliosphate,  or  uric  acid,  are  commonly  passed.  Yet 
in  certain  circumstances  a  totally  thfferent  picture 
is  obtained,  and  a  calculus  forms,  with  its  micro- 
crystalline  structure,  its  concentric  layers,  and  its 
nucleus.     What  determines  the  difference  ? 

The  geologist  is  confronted  witli  the  same  problem. 
Spherical  concretions,  whose  structure  is  essentially 
similar  to  that  of  urinary  calculi,  are  repeatedly  met 
with  in  Nature.  They  may  be  composed  of  carbonate 
of  lime,  of  silica,  or  of  any  of  a  score  of  other  chemical 
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bodies.     The  stalactites  which  (le{X?n(l  from  the  roofs 
of  our  hmestone  caverns  show  an  analogous  structure. 

The  most  marvellous  natural  illustration  of  con- 
cretionary action  is  the  so-called  Cothani  or  landscapx; 
marble,  which  occupies  only  a  single  geological 
horizon,  but  is  widely  distributed  throughout  the 
south-west  of  England.  .Ml  the  foliated  layering  of 
an  o.xalate  calculus  is  reproduced  in  the  marble, 
but  with  the  addition  of  tall  "  trees  "  with  "  branches  " 
rising  to  a  "sky"  composed  of  thickly  stratified 
microcrystalline  layers. 

It  was  shown  long  ago  by  Rainey  that  the  desidera- 
tum for  calculus  formation  is  the  presence  of  some 
glutinous  matter  in  the  solvent.  He  was  able  to 
manufacture  small  concretions  of  calcium  carbonate 
by  allowing  an  alkali  and  a  lime  salt  very  gradually 
to  interdilfu.se  in  the  presence  of  gum.  A  nucleus 
also  is  ver^'  desirable. 

If  the  simple  e.xperiment  be  made  of  allowing  urine 
to  undergo  ammoniacal  fermentation  in  a  closed  flask 
over  a  layer  of  gelatin,  the  raison  d'ctrt-  of  this  is 
clearly  seen.  The  urine  should  be  replaced  every 
other  day  by  fresh,  leaving  the  deposit  of  triple 
phosphates  un(hsturbed.  When  the  e.xperiment  is 
carried  out  without  a  gelatin  layer,  the  crystals 
depo'iited  are  all  separate.  When,  however,  there  is  a 
gelatin  layer  at  the  b<  ttom  of  the  tlask,  e.xtensive 
films  form  on  the  surface  and  the  sides,  composed 
of  hundreds  of  minute  crystals  stuck  together. 
Evidently  a  succession  of  such  I'llms,  deposited  con- 
centrically around  a  nucleus  in  the  bladder,  would 
make  up  a  concretion  or  calculus. 
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The  j^'Iutinous  substance  in  tlie  Madder  or  pelvis 
of  the  kidney  is  presumably  albumin  or  mucus. 

It  i-  not  easy  to  see,  however,  lu)\v  this  knowledge 
will  help  us  to  prevent  the  formation  of  calculi, 
and  it  must  remain  for  the  present  a  matter  rather  of 
theoretical  interest  than  of  practical  importance. 


I 


if 


It 


i 

i 

t  * 

I  I 


REFKRKNCllS. 

Iric  Acid  and  Goit. 

L.  Hii.L. — "  Recent  Adwinces  in  I'hysiolopy  and  Bio- 
chemistry," Arnold  iV  Co.,  London,   i<)o6,  p.  387. 

Von  Nookden. — "  .Metabolism  and  Practical  Medicine  "  ; 
edited  by  I.  Walker  Hall,  Heinemann,  London,  1907, 
vol.  iii.,  p.  O47. 

O.XALIRIA. 

A.  Rendle  Short. — Von  Xuorden'.s  "  Metabolism  and 
Practical  Medicine,"  \ol.  i.,  p.  14S. 

Cystincria. 
Garrod. — Lancet.  i<>o8,  vol.  ii.,  p.  214. 
T.  S.  Hele. — Jour,  of  Physiol.,  1909,  vol.  xxxix.,  p.  52. 


SI 


m^ 


97 


CHAPTER    VII. 

ACIDOSIS,    ACrTONiEMlA,    AND 
DIABETES. 

(■..nditinns  j.f  cccurrcnc-  nf  acet  .no.  .liacctic  aci.l,  and  fl-oxv- 
butyric  acul._Onj.in  frum  fats.-Sn^ar  starvation  th.-  c.u^  of 
acidosis —Aral  poisoning —The  diaynosis  o/  starvation —The 
.■s..ntul  nature  of  d,al.et.s.-Tho  tr.Mtinont  of  non-.iiahct.c 
.icidobu— rho    prevention    ,,f    po^t-opcratnc   coi„a    in    dia;...t;cs. 

TEXTBOOKS  of  mcflicine  published  fifteen  or 
twenty  years  ago  introduced  us  to  the  fact 
that  in  dialntic  coma,  that  tragic  termination  to  so 
many  promising  young  h\es,  tlie  urine  is  loaded  with 
three  substances  whose  relations  were  not  well  under- 
stood—namely, acetone,  diacetic  acid,  and  ,^oxy- 
butyric  acid.  \  constant  study  of  the  behaviour  of 
these  bodies  by  many  observer;  has  led  to  some 
settled  conclusions  of  considerable  interest  and  value. 
It  lias  been  slunvn  that  they  are  not  peculiar  to 
diabetic  coma,  although  in  no  other  disease  are  thev 
excreted  in  such  quantity.  They  appear  in  the  urine 
in  the  following  conditions  also  : — 

{u).  Starvation. 

(6).  Periodic  (cyclical)  vomiting  of  children. 

(f).  Delayed  chloroform  poisoning. 

((/).  Salicylate  poisoning. 

(c).  Severe  vomiting  of  pregnancy. 
Starviilion    may    l)e    voluntary,    or    due    to    siicli 
ahections  as  gastric  ulcer,  fevers,  acute  abdominal 
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catastrophes,  prolnnged  vomitirif,'.  or  diarrhcca.  The 
amount  c(f  acetone  and  other  bodies  is  larf^'e  luily  if 
the  star\ation  is  proIonf,'ed. 

Cyclical  vomilin!^  is  a  curious  and  not  uncommon 
((in(htion,  usually  seen  in  young  children,  who  for  a 
few  Iiours  or  days  at  intervals  get  bouts  of  vomitintr, 
wliicli  are  accompanied  by  the  excretion  of  acetone 
and  these  acids.  The  attacks  usually  pass  off  liarm- 
lessly. 

Delayed  chloroform  poisoning  is  considered  at  some 
length  in  Chapter  \TII. 

It  is  known  that  an  unusual  sequence  of  f)verdosing 
with  salicylates  is  drowsiness  with  \-omiting.  some 
collajtse,  and  particularly  hissing  dy.--pn(ea  or  air- 
lumger.  Here  again  the  above  substances  are  excreted 
in  the  urine. 

The  presence  of  acetone,  indeed,  is  perfectly 
pliysit)logical.  On  .lU  ordinary  diet  we  excrete  about 
o-oi  to  o-oj  grammes  of  acetone  daily  in  the  urine  and 
rather  more  in  the  breath,  but  these  amounts  are 
too  small  to  be  recognized  by  clinical  methods. 
During  starvation  the  excretion  by  the  seventh  day 
may  be  forty  times  as  much  (F.  Miiller).  Diacetic 
and  oxy butyric  acids  are  not  normally  present  in  the 
urine. 
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ORIGIN    OF   ACETONE,    DIACET.C    ACID,    AND 
o-OXYBUTYRIC  ACID. 

It  was  at  lust  supposed  that  these  were  all  derived 
from  glucose,  because  of  their  appearance  in  diabetes  ; 
at  a  later  time  they  were  accredited  to  the  proteins  ; 
but  it  is  now  definitely  established  that  they  are  the 
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result  of  a   peculiar  abnormal   process  of  breaking 
down  of  the  fats. 

The  })hy>io!o.c;ical  process  of  dealing,  with  fat  is  to 
resolve  it  into  carbon  dioxide  and  water.  If  we 
make  a  pound  of  fat  into  tallow  candles  and  burn  it, 
we  shall  obtain  carbon  dicixide  and  water,  and  a 
certain  amotmt  of  heat  will  be  evolved.  If  the  pound 
of  fat  is  eaten  and  absoibed  by  a  man  or  an  animal,  it 
will  i)e  burnt  to  the  same  end-i)rodu(ts,  and  the  same 
amount  of  heat  will  be  .qiven  out.  But  in  certain 
circumstances,  an  abnormal  mode  of  breaking  down 
is  followed,  aufl  there  are  produced  first  -J-oxybutyric 
acid,  then  diacetic  acid,  and  finally  acetone.  If  this 
takes  place  on  a  larc^e  scale,  tlie  conversion  into 
acetone  fails  to  keep  pace  with  the  production  of  the 
acids.  Therefore  first  acetone  apiX'ars  in  the  urine, 
then  diacetic  acid,  and  finally  i-oxybutyric  acid  ; 
the  last  may  rise  rapidly  to  an  enormous  h,i,'ure  ;  30, 
=)0,  or  even  180  grammes  may  be  passed  daily  in  dia- 
betic coma  (Magnus  Levy). 

Feeding  on  fats  will  always  cause  some  rise  in  the 
output  of  acetone  and  of  these  acids  if  they  are  already 
present  ;  in  starvation  it  will  cause  a  very  marked 
increase.  Butter,  which  contains  lower  fatty  acids 
(butyric,  etc.),  as  well  as  fats,  is  particularly  active  in 
this  respect. 

It  is  of  no  great  importance  to  us  to  know  :,-here 
in  the  body  this  process  of  breaking  down  takes  place  , 
the  liver  is  usually  sujiposed  to  ha\e  the  power  to 
effect  it. 

We  next  ask,  What  are  tlie  special  circumstances 
in  which  the  breaking   down  of  fat  deviates  from 
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its  normal  ronrse,  ami  fullow^  ihi-^  (lanc^'crniis  route  ■' 
The  answer  is  clear  and  dei  i->i\(\  \\  lien  the  tissues 
are  uiuihle  to  ahlinn  sif^.ir  frmn  the  tilond,  fid  is  l>roken 
down  riii  these  lOinornud  ands  to  acetone,  instead  of  to 
carbon  di   xide  and  .utter. 

This  remarkable  pmix.sition  has  been  almndantly 
prove'l,  and  alon.^'  several  indi'pendent  lines  of 
researcli.  lliris  in  one  case,  an  eNjHMimenter  (Satta) 
ate  nothini,'  Inr  two  (lay,>  but  milk  su^'ar,  and  excreted 
the  normal  amomit  ot  o-oi  f,'ramme  of  acetone  daily. 
Then  he  took  a  diet  of  .;oo  ,L,'rm.  each  of  meat  and  fat, 
wliicli  is  of  c..ur>e  quite  an  adeipiate  amount  to 
sustain  health,  and  the  excretion  rosf  to  o-S  gramme 
and  i-i  .granuneon  the  twodays  of  exj>eriment.    Ilms  : 

I)ay   1.     l>iti  onlv  lart<.-.c.  Mxcrcted  0  01   grm.  .icctrnic. 

Dav  2.         ..        fJ'"'      •• 

l)av  J.        .,     nirat  niul   fat.  ,,        0'>0     ,, 

Day    l ••         '•1^>     ■• 

As  we  shall  >ee,  it  tlu  ti-sues  can  be  supplied  with 
glucose.  ]>athological  acctoiKt-mia  and  acido.-is  are 
rapidly  cured. 

It  now  becomes  evident  why  acetone  and  the  acids 
are  formed  in  the  conditions  above  'cferred  to.  In 
starvation  the  tissues  cannot  ol)tain  .glucose  because 
there  is  none  in  the  blood.  In  cyclical  vomiting  of 
children,  ami  in  delayed  chloroform  poisonin.i,',  the 
conditions  are  a  little  more  complex.  Mild  aceton- 
•xmia  is  se'  up  in  the  tirst  place  either  by  abstinence 
from  carbohydrate  food  for  a  longer  time  than  usual 
or  by  s(tme  toxic  agent  preventing  the  tissues  from 
obt.-iining  the  requisite  sugar  tor  the  blood  by  para- 
lysing    in    some    way    their    activity  ;     in    many 
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cases  both  these  causes  are  cdmbiiictl.  as  when  a 
patient  with  a  perforated  /gastric  ulcer,  who  has 
al)S()rl)e(l  nothing  for  Imurs,  is  given  chloroform. 
The  voniitin;,'  iiniuced  by  the  act'ton.Lniia  oi  course 
prevents  the  retention  of  carbohy«lrate  ((hkI,  and  so 
the  bad  l^ecnmes  worse. 

Salicylates  presumably  act  by  paralysing  that 
function  of  the  tissues  which  enables  them  to  take 
up  sugar  from  the  blood.  As  we  shall  sec,  this  is 
also  tlie  jiathology  of  dialx'tes.  The  tissues,  starved 
of  sugar,  break  down  the  fat  to  acids  and  acetone 
instead  of  to  carbon  dioxide  and  water.  In  the 
vomiting  of  pregnancy  it  is  \ery  probable  that  the 
formation  of  acids  anrl  acetone  is  due  merely  to  the 
prolonged  and  severe  starvation  necessitated  by  the 
vomiting,  but  as  s<K>n  as  they  are  produced  in  excess, 
they  complete  the  mischief  already  wrought,  and  the 
jiatient,  if  uiuelieved,  may  die  in  coma. 

THE    MECHANISM    OF    POISONING    IN    ACIDOSIS 
AND    ACETONiEMIA. 

Neitlier  acetone,  diacetic  acid,  nor  ..•i-oxybutyric 
acid  is  poisonous,  except  in  quite  larg"  doses.  Why 
then  do  sucli  marked  and  indeed  fatal  symptoms 
occur  when  they  accunmlate  ? 

The  blood  is  normally  alkaline.  All  the  functions 
of  the  tissues  are  attuned  to  a  medium  of  a  particular 
alkalinity.  If  this  alkalinity  is  greatly  reduced, 
almost  to  the  point  of  neutralization,  the  symptoms 
produced  experimentally  are  not  dependent  on  the 
j)articular  acid  used.  They  include  dyspnea,  collapse, 
and  Ct-ma.     In  di.tUelic  tonia   the  alkalinity  of  the 
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hloofl  is  nmcli  icduccl  l>y  the  iiureaso  of  diacetic 
and  especiaily  of  ,>-o.\yl'iityric  adds  in  the  plasma. 
This  condition  is  called  "  acidosis."  It  would 
IK'rliaps  l)c  K"i'l"  too  fur  to  >ay  that  absolutely 
unlimited  (juantitics  of  /J-oxybutyric  acid  may  he 
formed  and  tolerated  it  sutlicient  alkali  i>  supplied 
to  neutralize  it  ;  there  is  a  jioint  beyond  which  e\-en 
sodium  J-oxybut\ratc  be((>me>  toxic;  and  by  keeping 
the  urine  alkaline.  althou!,di  we  may  greatly  delay. 
\vc  do  not  altogether  pre\ent  the  on>et  of  diabetic 
coma. 

The  Ixxly  is  able  for  a  long  time  to  defend  itself 
against  the  increased  production  of  diacetic  and 
/■<-oxybutyric  acids,  by  furnir-hing  enough  alkali  to 
neutralize  'hem  more  or  less  comjiletely.  l-'irst, 
the  rcser\"es  of  soilium  and  potassium  aie  called  upon, 
but  the  main  defence  is  the  production  of  large 
(juantities  of  ammonia.  In  normal  me'abolism  the 
proteins  of  the  tissues  split  off  their  effete  nitrogen 
in  tlie  form  of  anunonium  salts  (carbonate,  carbamate, 
etc.),  and  these  are  conwrted  into  urea  by  the  liver. 
When  diacetic  and  .i-oxy'-ityric  acids  are  present, 
these  unite  with  the  ammonia,  and  it  escapes  con- 
version into  urea  ;  ct)nse(iuently  there  will  be  an 
increase  of  ammonia  nitrogen  in  tlie  urine  (as  am- 
monium diacetate  and  ammonium  i-oxybutyrate).  At 
length,  howcxer.  the  |)roduction  of  the  acids  becomes 
so  excessi\"e  that  the  supply  of  ammonia  from  the 
tissues  lails  to  keep  up  with  tliem.  Then  the  normal 
alkalinity  of  tlie  blood  falls,  and  dyspnoea,  collapse, 
and  coma  Ix'gin  to  appear. 
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DIAGNOSIS    OF    STARVATION 

It  mny  boonie  very  important  to  know  it  a  patient 
is  or  is  not  obtaining,'  adfijuate  nourisliment.  This 
is  particularly  tht-  case  when  on  account  of  vomitinj^'. 
hamateniesis.  or  tyi)hoi(l  fever,  niouth  feedintj  lias 
to  be  re>tricte(l  or  becomes  altogether  impossible.  It 
is  ea>;y  to  find  out.  Daily  estimates  of  the  urea 
output  will  show  if  the  protein  absorU'd  is  adequate, 
and  tests  for  acetone,  diacetic  acid,  and  oxybutyric 
acid  will  show  if  the  stipply  of  carbohvdrate  has 
fallen  too  low.  The  normal  ratio  of  ammonia 
nitrogen  to  urea  nitrogen  is  about  3  {x*r  cent.  If  it 
rises  to  10,  15,  or  20  per  cent,  there  is  severe  acidosis 
present  due  to  starvation,  lait  masked  by  the  am- 
monia supplied  to  neutralize  it.  When  the  supply  of 
ammonia  fails,  fatal  coma  will  follow. 

In  the  Appendix  figures  arc  given  showing  the 
application  of  these  methods  to  the  problem  of 
nutrient  enemata. 

THE    ESSENTIAL    NATURE    OF    DIABETES. 

Seeing  that  it  is  in  diabetics  that  the  most  terrible 
consequences  of  acidosis  are  exhibited,  it  will  be 
well  very  briefly  to  consider  just  in  what  way  the 
metabolism  has  gone  wrong  in  this  disfMse. 

Glycosuria  may  be  experimentally  induced  in 
animals  by  the  following  means  : — 

(a).  By  puncture  of  the  medulla. — This  is  perhaps 
a  vasomotor  effect,  the  increased  blood-flow  washing 
glycogen  out  of  the  liver.  Or  there  may  l)e  sf)me 
interference  with  secretory  nerves  to  the  liver. 
Stimulation   of  the  vagi'.s   acts  in    the  same   way. 
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T'*  tfiis  (lass  lifldiij,'  tlii'Sc  ( liiiir.il  cax's  in  which 
transient  ^'lycosuria  («>lln\vs  head  injurv  or  ci-ichral 
<  (»nipr('>sii)n. 

('').  /j'v  \  rtv  (vciAs/Vi'  fitJini^  on  s.vi.m/'s.  —  Dom-s  of 
•  ivn  150  f^'rainniis  of  ghitose  or  rani'  Mii,'ar  will  set  up 
a  ^(»rt  of  (At-rllow  f^Iytosuria  ;  sniallor  <|uantitit's  of 
l.ictose  or  maltose  (from  bt'i-r)  will  do  tin  same. 

(c).  liy  (Kiminisinilion  of  phlondzin,  winch  is  a 
^'hicosi(l«-  occurring,'  in  the  hark  of  phnn  .md  ( herry 
trees.  'I]iis  chii^'  has  the  rein.irkable  power  of  com- 
pelling the  secretory  epithelium  01  the  kidney  to 
break  down  serum-albumin  so  as  to  yield  su.L,Mr  ; 
the  glycosuria  is  not  therefore  associated  with  any 
increase  of  sui,'ar  in  the  blood. 

It  is  of  course  conceival)le  that  human  diabetes, 
in  some  cases  at  least,  mi^'ht  be  of  renal  origin  in  a 
similar  manner,  and  an  attempt  has  actually  been 
made  in  France  to  .se|)arate  olt  a  class  of  renal  dia- 
betics, but  \ery  few  ICnglish.  (ierman,  or  .American 
authoritie>  allow  the  justitiability  of  this.  IMilnridzin 
^'lycosuria  would  be  devoid  of  practical  interest  if  it 
were  not  that  it  has  recently  been  taken  up  by  the 
surgeon  for  diagnostic  purposes.  When  a  patient 
has  severe  tuberculosis  of,  shall  we  say,  the  right 
kidney,  but  the  condition  of  the  left  is  doulnful,  it 
would  of  (ourse  l)e  a  serious  risk  to  lemove  the  right 
kidney,  ami  indeed  a  fatal  re>ult  has  several  times 
been  recorded.  Of  the  methods  of  investigating 
the  function  of  the  left  kidney,  one  of  the  best  is  to 
give  phlorid/.in.  If  sugar  fails  to  appear  in  thu  urine, 
both  kidneys  are  seriously  diseased  ;  if  it  d(ves 
appear,   there   is   still   an   efficient    amount   of   renal 
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substance.  To  i^iNo  picc  i^ion  tn  tli«-  t»st  it  is  usually 
wisi'  t<t  (athotrii/o  Imtli  unttis.  .iinl  ti>  aiialy>o  the 
urim-s  scpaiatelv. 

(</).  PiiUirctttic  diahctis.  I\»'m<>val  of  the  pancreas 
in  <ln<,'s  or  other  animals  it  coniplt-te  itxhues  latal 
«li.iln'tt'S  exactly  coin'^p. indiiif,'  to  >f\ere  cases  of  the 
<lisease  in  man  ;  a  suh  total  reinowil  induces  a  mikler 
tyjH>  of  the  disease.  Ilie  symptoms  are  impnced  by 
pancreatic  j,Maftint,'.  It  le>s  than  four-tilths  of  the 
pancreas  i->  taken  away,  no  L;l\co>uria  foll<i\vs.  After 
<omplete  removal,  but  not  after  removal  of  four-hfths, 
suj^ar  will  contimie  to  apjn-ar  in  the  urine  even  when 
all  carlxthydrates  are  excluded  from  the  food,  U-inj? 
<k'ii\cd  in  this  case  from  the  breaking'  down  of  food 
and  body  protein. 

In  ordinary  human  (h.dxjtics.  the  pancreas  is  found 
at  autopsy  to  prescMit  some  abnormalitv  in  such  a 
larf,'e  proportion  of  cases  that  the  smaller  group  in 
which  nothiii!.;  is  foimd  amiss  may  safely  be  attributed 
to  functional  deti<  icncy  apart  from  organic  disease. 
To  (juote  an  analogy,  mental  defect  i.s  so  often 
associated  with  gro>s  changes  in  the  brain  that  we 
think  we  are  justified  in  assuming  that  there  must  be 
some  functional  derangement  of  that  organ,  e\en  when 
in  cases  of  insanity  it  appears  to  be  cpiite  normal. 

In  what  way  may  destruction  of  the  pancreas 
conceivably  produce  diabetes  ? 

Tlie  pre.sent-day  teaching  is  that  the  pancreas 
supplies  to  the  blood  some  internal  secretion,  some 
chemical  substance,  which  is  carried  to  the  muscles 
and  other  tissues  to  enable  them  to  make  use  of  the 
sugar  bK.'Ugh.t  tb.em  liy  tlie  b!<iod.     The  ti'^hucs  are 
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positively  in  nccJ  (A  su,c;ar.  It  is  prohal)ly  tlie  main 
source  of  niu-t  ul;ir  cnci^y.  A  l)ealiiig  liiainiiialian 
heart,  tIii(iu,L;!i  wliiili  a  snlutiori  of  salines  containiiif^ 
^u^:\v  is  refK-atedly  passed,  will  use  uj>  that  sugar. 
It  is  a  ]irin<ipal  source  ol  heat.  It  is  probal)!y  a 
necessity  for  nearly  all  tlie  functions  of  the  proto- 
plasm of  the  tissues,  The  l/lood  always  contains 
sugar  (al)iiut  o-i  |>er  >'ent)  to  su])]ily  this  need  ;  the 
wliole  j)rocess  of  glycogen  storing  in  the  liver  is 
designed  to  keep  tlu;  percentage  at  a  constaiU  level 
in  the  bluod.  The  internal  secretion  of  the  pancreas 
is  tlie  link  wlu'reby  the  tissues  may  take  hold  of  and 
utilize  this  cin  niatiiig  sugai".  In  diabetes  the  internal 
secrt:tion  of  the  ])an(  reas  fails,  and  the  link  is  missing. 
The  tissues  are  in  the  position  of  the  hungry  boy 
outside  the  sweet-shop;  he  longs  for  the  sweets  and 
the  sujiplv  is  abundant,  but  lie  has  not  the  means  to 
purchase.  So  tlu'  sugar  in  the  l)lood,  lacking  a 
market,  gees  on  accumulating,  till  it  reaches  a  figure 
of  o-j  or  <»•/,  per  cent  ;  it  runs  to  waste  in  the  urine, 
but  the  tissues  cannot  touch  it.  Like  a  starving  town 
througii  whidi  rich  convoys  are  passing,  the  plenty 
comes  to  their  \er\-  doors,  but  cannot  be  utilized. 
Urgent  messages  for  food  aie  sent  to  the  li\er,  toothei- 
organs,  to  the  intestine  ;  these  are  depleted  of  all  their 
reserves  of  glycogen,  and  e\en  the  proteins  themselves 
are  broken  down  w.istefully  to  obtain  a  sugar  which, 
thougli  obtained,  can  ne\-er  be  used.  So  we  see  the 
patient  losing  tl<  sh,  and  not  only  sugar  but  also  excess 
of  urea  ai>pear  in  the  uiinc,  deri\-ed,  of  comse,  fro!n 
the  ju'oteins. 

Naturally,  in  m<  isi  cases  matters  ha\-e  not  progressed 
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quite  so  far  ;  a  Utile  of  tlic  pani:R':itii:  secretion  c.^i- 
tinue>  to  he  s!i|)pliecl,  and  if  carefully  liusl)an(lecl. 
as  by  redui  ini,'  the  carhohyih'ate  in  the  food,  may 
suffice  for  the  hare  needs  of  tlie  body.  To  return  to 
the  illustration,  the  huni^ny  hoy  is  not  (]uite  penniless, 
and  if  he  sjuMids  his  nione\-  wisely  he  may  yet  keep 
him>e!f  .^oinL;  by  alteriiatinL,'  i)erii>ds  of  self-denial 
and  mild  indulgence. 

\'arious  authorities  ha\-e  tried  to  l,'o  further  with 
the  e\})lanation  of  human  dialK-te-^,  and  ha\e  stated 
that  the  iiiternal  secretion  is  deri\ed  from  tl;e  clusters 
(»f  cells  called  isK-ts  of  Lan.^erhans,  whereas  the 
digestive  juices  are  derix'ed  from  tlie  acini  :  it  has 
further  been  stated  that  in  diabete>  sometimes  the 
islet.i  ate  destroyed  whilst  the  rest  of  the  pancreas  is 
normal.  It  is  \erv  doubtful.  liowe\-er,  whether  the 
islet>  aie  more  than  inland  acini  exhausted  by  secre- 
tion (Dale). 

Again,  such  wiile  currency  has  iK-en  given  to  an 
experiment  of  Colinheim's,  tliat  it  i>  necessary  to 
state  and  refute  it.  He  tauglit  that  muscle  extract 
with  pancreatic  extract  was  al)le  to  break  down 
sugar,  l)Ut  that  neither  was  able  to  do  so  without 
the  other.  It  has  since  been  abundantly  proved 
that  muscle  extract  can  break  down  sugar  just  as  well 
by  itself.  \'on  Xoorden  considers  that  the  pancreatic 
secretion  is  nece>sary  to  enable  the  tissues  to  build 
up  sugar  (<.H, /),;).  into  the  more  conijilex  glycogen 
(C«H„,(),)„,  where  the  ;;  m  ly  >tand  for  a  very  high 
figure  ;  glvcogen  he  lake-,  to  l>e  a  necessary  stage  in 
the  absorption  of  >n-ar  into  the  molecule  of  proto- 
plasm.    Certain  it  i->  that  both  in  experimental  and 
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human  diabetes,  j^lyco^en   is  alisent    fioiii   the  liver 
and  muscles  in  all  but  mild  eases. 

Retur.;iii,L,'  to  the  (luestitm  of  ari(lii>is  in  diabetes, 
\\e  are  now  able  to  uiidei>taiid  whv  it  is  so  marked 
and  so  fatal  an  oecurieiire.  We  saw  that  the  cause  <n 
aeido>is  was  the  t.iilure  of  the  lis>ue>  to  obtain  su^'ar. 
Obviously  severe  dialietes  will  be  a  far  mon-  potent 
factor  in  leadini,'  up  to  this  condition  than  e\en 
staivation.  And  indeed,  ot  s^Nere  cases  of  dialioles, 
that  is,  ca.ses  in  whidi  (('ni])lete  depii\ation  of 
tarboliydrate  food  will  ndt  abolish  tlie  glycosvuia, 
aljout  foui-lifths  die  in  (  -ma.  Mo>t  of  us  luw  known 
nistant es.  It  may  ha\e  been  a  youiif;  man  or  woman, 
the  victim  of  diabetes  certainlv,  liut  otherwise 
apparently  in  j^'ood  health,  with  only  the  latal  red 
frint;e  on  touching  the  mine  with  ferric  chloride  to 
liold  out  any  warnini,'.  Tlu'ie  was  a  k)n^f  walk,  a 
feverish  cold,  an  ana>tlietic  ;  or  some  i)hvsician  too 
suddenly  instituted  a  se\ere  <lepri\ation  of  carbo- 
liydrate  food,  and  within  a  lew  h<>uis  i<ima  had  sot 
in,  and  death  was  inevitable. 

THH    TREATMENT    OF    NON-DIABETIC 
ACIDOSIS. 

It  will  jiiobably  be  agreed  th;it  the  time  has  now- 
come  when  no  examination  of  the  urine  in  cases  of 
diabetes,  ol  abdonnnal  catastrophes,  of  \"omitini,',  or 
of  star\'.ition,  will  be  complete  unless  we  record  the 
presence  or  absence  ot  acetone  and  diacetic  acid  as 
well  as  of  albumm  and  su^ar.  I'ntort unatelv  there 
is  no  simple  clinical  te-t  l^r  .i-oN\but\"ric  acid.  It 
has   been    usual    to    estimate    it    bv    the   amount    of 
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licvo-rotutinn  of  a  ray  of  pulmizcl  li,L,'ht.  from  which 
of  course  nuist  W  (kMhuti'il  the  (Ifxtit'-mtation  (hie 
to  any  uhicoso  which  ina\-  In-  jnoscnt. 

A  fairly  siinpU-  (juuhtativi-  tc>t   i>  Stuart-Hart's  : 
Take  -'o  cc.  "t  urine,  a^M  Jo  cc.  of  water  and  a  few 
dr''p>  of  acetic  aciil.     r«"il  tlie  mixtiue  till  the  bulk 
is  reihicc'l  to  about  lo  cc.  :   tlms  acetoiu-  and  tliacetic 
acid  are  driviMi  oft.      Add  wati'r  to  re-tore  the  bulk 
to  JO  cc.  ;    put   lo  <:r.  into  each  of  two  test-tube-  A 
and  B.     To  A  add  i  cc.  of  hyilro.^en  peroxide  :    just 
warm   it,   but    do   n.>l    boil,    for   one   nunute.     Cool. 
Add  to  .\  and  B   '.  cc.  of  -facial  aceti.-  acid,  a  few 
(hop>  of  fre>h  >o<..  un  nitropnisside,  and  overlay  with 
2  CC.  of  anunonium  hydrate.     S  and  foiu"  hours.     If 
s-oxvbutyric    acid    was    i)re-ent    it    will    have    been 
oxidi/.ed  to  acetone,  and  a  purple-red  rini,'  will  fi>rm 
where   tlie    fluids   meet    in   A,    but    not   in    B.      Ihe 
pre-cnce  of  s\iirar  does  not  interfere  with  the  reaction. 
The    jMCr-em  e    of    acetone    cannot     be    defmitely 
-xcluded  without  distilling'  the  urine,  but  too  delicate 
tests  are  usually  less  valuable  than  more  approximate 
ones  liecause,  as  in    tlii-   instance,  a   trace  may  be 
found  normally.     Tlie  pre-ence  of  di.icetic  acid  is  (,[ 
more  clinical  importance. 

TV.s/s  for  iiCi-tonc  in  the  urine  :— To  _]  cc.  of  urine 
add  a  few  drops  of  fresh  sodium  nitroprusside  (a 
crystal  in  5  cc.  ot  water).  Cover  with  stront;  am  lonia. 
A  inauenta  rin^  aj'pears  at  the  lu'.e  of  junctio  ,  and 
spreads  upwards  (jackson-Taylor).  Or,  to  5  cc.  of 
urine  add  i  cc.  of  5  per  cent  sodium  nitroprusside: 
make  just  alkaline  with  caustic  soda,  and  acidify 
with  acetic  acid.     A  reddish-violet  colour  develops. 
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Acetone  is  excreted  in  tlie  l)ieath  as  well  as  in  the 
urine,  and  tlie  >\\ret  odour  is  perfectly  apparent  to 
many  nicdi(  al  men,  niort-  ^o  to  some  tlian  others  ; 
some  (an  snicil  a  dial'etic  e.\(  retin^  .iretone  at  a  great 
distance. 

7cs/  /.  r  di.icclic  uciJ  in  the  mine:  — 

lo  ;  vc.  of  mine  add  a  h'W  (h-(>])<  ,,i  Jiq.  fi-ni  pcr- 
<  hlor.  A  dtcj)  icd  ci.!f»m-  wliieh  di^iip^rars  on 
iiiiilniv,  is  po-iti\f.  The  te>t  is  often  perfonned  on  a 
wliite  slab  as  a  contact  te-t.  On,,  nuist  not  jje 
decei\ed  hy  the  frc'iUfnt  reddi^li  l^raiptiaic  of  iron 
pliospliate  from  a  normal  mine. 

lurnin^  now  to  the  I'lcwntion  and  licatment  of 
acidosis,  ue  may  dear  tlie  i;!ound  bv  ii-erx-inii; 
diabetic  toma  lor  a  spcci.ii  wok]  later  on  in  tlie 
chapter,  and  delayed,  chloiot. mn  poisonin:.,'  for  con- 
sidi'ration   in  (  h.ipter  \'III. 

We  saw  that  the  cause  of  tliis  peculiar  j^erversion 
of  metabolism  is  inability  on  the  part  of  the  ti>>ue.s 
to  obtain  sut^Mr,  and  tliat  the  tatal  elenu'iit  in  the 
j)oisonini,'  is  the  .swampin,:,'  oi  the  blood  with  acids. 
Theref'Tc  prevention  lies  in  the  sujiply  of  i,ducose, 
and  ti.  itir.ent  is  to  introduce  alkalies.  In  practice, 
as  might  be  expected,  glucoi^e  alone  is  better  than 
alkalies  alone  ;  probably  botli  together  would  give 
tlie  best  results. 

On  account  of  vomiting  it  may  not  be  i)o.ssible  to 
administer  either  by  the  moutli.  Thev  may  be  given 
by  tlic  rectum,  or  directly  into  a  vein.  If  the  case  is 
urgent,  the  latter  method  would  be  adopted,  if  not, 
tlie  fcnnier.  (ilucose  should  be  gi\en  in  eitlier  case 
in  0  per  cent  st)lution  in  warm  distilled  water,  using 


hi 


AND    DIABETEIS 


HI 


two  or  three  pints.  Sodium  carbonate  may  he  given 
in  (loses  of  4  drachms  to  the  pint,  a-.un  using  tAo  to 
three  pints.  It  should  l)e  the  ol)ject  of  the  trea.ment 
to  make  the  urine  alk;dine. 

In  milder  cases,  of  course,  it  will  be  possible  to 
give  remedies  by  the  mouth.  The  addition  of  enougl: 
starcli  or  sugar  to  bring  the  daily  sujiply  of  carbo- 
hvdrate  up  to  150  grammes  (5  ounces)  will  effectually 
banish  the  pernicious  acids  from  the  urine.  Alkalies 
are  best  given  in  the  form  of  sodium  citrate,  30  grains 
or  more  three  times  a  day,  until  the  urine  is  alkaline. 
It  is  im])ortant  to  bear  in  mind  the  danger  of  this 
auto-into.xication,  that  is,  poisoning  by  the  products 
of  e  patient's  own  internal  i)rocesses,  in  all  the 
nunurous  conditions  in  wliich  in>uth(-ient  fo<»d  may 
1)6  absorbed,  so  that  serious  or  fatal  symptoms  may 
be  warded  off.  Diarrhfca,  wasting,  or  vomiting, 
from  whatever  cause,  should  lead  to  an  e.xamination 
of  the  urine  for  diacelic  acid,  and  the  same  is  specially 
necessary  when  a  patient  is  being  fed  only  by  the 
lectum. 

The  old-fashioned  treatment  of  rheumatic  fever, 
by  combining  alkalies  with  the  salicylates,  will 
prevent  acidosis  from  the  use  of  the  latter. 

The  Prcicntion  of  Diabetic  Coma. — In  the  treat- 
ment of  a  severe  case  of  diabetes  the  physician  is 
on  the  horns  of  a  dilemma.  To  relieve  the  ordinary 
symptoms  of  diabetes,  which  are  due  to  the  excess  of 
sugar,  and  to  enable  the  patient  to  make  the  l^est 
possible  use  of  what  little  internal  secretion  of  the 
pancreas  he  has  left,  the  indications  are  to  reduce  or 
exclude  the  carbohydrates   from   the   food,   replacing 
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thcin  by  fals  and  pn.toiiis.  To  pirvent  the  formation 
of  tlic  al>nornial  :i(u\>  liom  fat  in  tiic  absence  of 
available  >ut,'ar,  the  inchcations  are  t(»  reduce  the  fats 
and  f<>  supply  Ciir/tnln-i/rdh's.  The  one  has  to  l)e 
wei^Iied  ai,'ainst  tlie  other. 

1  he  ,!4cneral  treatment  of  diabetes  is  not  (hs- 
cussed  hfic.  The  writer  has  neitlier  the  si)ace  nor  the 
special  experieiH  e  which  Would  be  necessary.  We 
shall  conline  otu-elws  to  the  |)li\siolo,;4ical  i)robIem 
of  a\ertin,i,'  diabetic  conia. 

Let  it  be  an  a.xioni  that  no  case  of  diabetes  is 
suddenly  to  be  put  on  a  ( arboh\ilrate-free  diet  on 
first  acquaintance.  Particulaily  would  this  be 
dangeron>  if  he  already  had  diacetic  and  -i-oxybutyric 
acids  in  the  uiine.  If  they  are  absent,  that  is^  if  there 
is  no  red  colour  on  brint^'ini,'  the  urine  into'contact 
with  frrric  chloride,  a  strict  diet  will  be  safe  and 
valuable. 

It  would  be  Koiiii,'  too  far  to  say  that  severe' limita- 
tion of  the  carbohydrates  is  iicrir  indicated  wlicn 
diacetic  a(  id  is  present.  \'on  Xoorden  has  a  dailv 
quantitati\e  analysis  made  of  the  excretion  of 
/^-oxybutyric  acid,  and  with  this  safeguard,  which  of 
course  iin-olves  a  coini)licated  procedure,  strict 
dieting  is  ..ften  safe.  Patients  with  the  acids  in  the 
Uiine  may  live  lor  manv  years. 

Apart  from  an  analy.-is  of  the  excretion  of  o'-oxy- 
butyric  acid,  it  will  usually  l>e  justifiable  to  limit  the 
carbohydrates,  provided  tliat  the  patient  is  carefully 
watched  lor  any  slight  drowsiness,  vomiting,  or  air- 
hunger,  and,  further,  tluif  the  urine  is  kept  alkaline 
with  sodium   cilraic.     rortunately.  feeding  diabetics 
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on  fat  does  not  greatly  increase  ihe  excretion  of 
acetone  bodies,  especially  if  the  lower  fatty  acids  in 
butter  are  washed  out  with  cold  water  l^efore  it  is 
taken. 

W'lien  there  is  severe  acidosis,  as  evidenced  by  the 
quantity  of  diaceticand  i-oxybutyric  acids  in  the  urine, 
or  when  there  are  threatening  symptoms  such  as  a 
littlf  tendency  to  drowsiness  or  vomiting,  it  is  neces- 
sary at  all  costs  to  get  in  carboliydrate  at  onie.  The 
nio>t  effectual  method  of  doing  so.  and  one  which  only 
\eiy  slightly  increases  the  glycosuria,  is  to  adopt 
von  Xoorden's  oatmcul  treatment.  Ik-  allows  nothing 
for  three  or  four  days  but  se\en  or  eight  ounces  of 
oatmeal,  given  as  gruel  every  two  hours,  with  butter, 
eggs,  and  vegetable  protein,  tea,  coffee,  wine,  or 
whi>ky.  Then  for  a  day  or  two  he  gives  nothing 
but  vegetables. 

The  effect  on  the  acidosis  is  usually  very  marked, 
the  ferric  chloride  reaction  disappearing  in  a  few 
days.  The  glycosurir.  also  may  impro\e  to  a  con- 
siderable extent.  It  is  extraordinary  that  bo  much 
starch  as  the  oatmeal  contains  should  not  make  the 
glycf)suria  worse,  but  apparently  it  does  not  do  so. 
A  diet  restricted  to  potatoes  may  have  the  same 
beneficial  effect. 

At  tlie  same  time,  of  course,  alkalies  should  l)e 
administered,  either  by  mouth,  rectum,  or  intra- 
venously. 

It  i>  well  known  that  diabetic  coma  may  he  pre- 
cipitated by  a  surgical  ojx?ration.  In  some  cases 
matters  are  so  urgent  that  there  is  no  time  for 
precautions  to  be  taken  to  avoid  this  calamity,  but 
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if  a  day  or  two  can   Le  secured  first,  it  should  ])c 
possible  witl,  our  present  knouled^'e  to  banish  this 
biigbear  from  surgery.     It  will  be  much  safer  to  ^ive 
ether  than  chloroform,  on  account  of  tlie  .lanf,'er  of 
delayed    chloroform    poisoning.     If    the    urine    con- 
tarns  no  d.acetic  acid  this  precaution  will  be  sufficient, 
^liould    the   red   coloration    with    ferric   chloride    be 
present,  however,  tlie  patient  ought  to  be  p„t  op.  the 
oatmeal    diet,    and    alkalies   intro.luced    by   mouth 
rectum,  or  mtravenously,  until  the  acid  reaction  of 
the  urme  disappears.     These  measures  must  be  kept 
up  for  a  flay  or  two  after  tlie  operation,  until  the 
danger  has  })asscd. 

Perhaps  we  are  scarcely  yet  entitle<l  to  speak  of  the 
/m//;;;.;,/   of   diabetic   coma.     It    is   true    that    after 
lntra^enous    mjection   of   two   -r   three   pints   of  a 
solution    of    sodium    carbonate    (5iv    to    the    pint) 
patients  have  made  a  marvellous  rallv.  and    as  in 
one  case  in  the  writer's  experience,  mav  be  ^o  far 
recoxered  as  to  sit  up  in  bed,  eat  an  orar^ge  (without 
leaxe).  and  talk  to  friends.     But  the  symptoms  .oon 
lecur.    and    proceed    to    a    fatal    termination.     The 
alkaline  mjection  must  not  be  given  subcutaneously 
but   mtravenously;    the   former  method   will   often 
cause  'angrene. 

HEFE  RENTES. 
L.     Hill  — "  Recont    A.Kancos    in    Phvsiolopv-    an.I      Bio 
ch.mLstrv."  ..\rnold  .S:  Co.,   London:   iQo^  p\   ^        '°' 
^o^     NooKi.KN.-"  .M.tabolLsm    and     Practical    M.d.cinc  " 
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CHAPTER    VI U. 

IMMEDIATE    AND    REMOTE    POISONING 
BY    CHLOROFORM. 

Th.'  nvU-  <.f  action  .if  tti.-  ..rk'.inic  In  pii'.tir-; — The  immediate 
(laiiu-.TS  i.f  rhl<.r..(nrtn  ii.ircM,is  A'.i^ns  iiihitiiti..ii.  L.Averiiig  uf 
the  MiM.ii-iircssurc— Del.iviil  ciilori.(.>rm  |imis.iIiiiik'. 

ENTHI'SIASTIC  advocates  of  chloroform  as  the 
ideal  anaslhetic  (usually  hailiuj,'  from  the 
north)  used  to  say,  "  Cliloroform  kills  your  patient 
to-day.  and  ethor  kills  him  to-morrow."  They 
referred  of  course  to  the  pulmonary  complications 
which  may  follow  the  use  of  the  latter  drug.  We  are 
now  tmding  out  that  chloroform  too  may  not  claim 
its  victims  until  to-morrow  Before  proceeding  to 
classify  tl  j  counts  in  the  indictment  against  chloro- 
form, it  may  be  t)f  interest  to  relate  a  plausible 
theory  of  the  mode  of  action  of  the  anrcsthetics  and 
other  organic  hypnotics. 

Hans  Meyer  reminds  us  that  the  nervous  system  is 
largely  built  up  of  fatty  substances  such  as  lecithin ; 
that  the  organic  hypnotics,  including  etlier,  chloro- 
form, ethyl  chloride,  chloral  hydrate,  trional,  and 
sulphonal  have  it  in  common  that  they  are  com- 
paratively insoluble  in  water,  but  very  miscible  with 
fats  and  oils.  It  would  be  reasonable  to  suppose, 
therefore,  that  when  the.se  substances  are  circulating 
in  dilute  solution  in  the  blood-stream  after  adminis- 
tration, fatty  structures  such  as  the  ner\-ous  system 
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wotiM  t.ik."  up  a  f.ii  Kiii^.T  .in.iutitv  of  iho  dru^  than 
aniu-.us  sMb>taMM~  muIi  a^  tin-  pn.t..pla-in   ..t   the 
mu>cl.>s    heart,    an.l    mIim.U.      Hcik  e    the    pnn.-.p:il 
action   shouM   !>»•   np.m   the   nprv.Mi>   sy^tom       I  he 
nipi.htv  and  cvatUM nice  ..f  tliat   iirtiun  .l.'peii<l  on 
tlie  vnlatihtv  ..f  the  (hii-.      l-:thvl  <hl-ii.le,  ether.  an<l 
chlorofnini  v.ouM  act   lapuUv.  tlie  sohd  diu^^  mo,.- 
slowly.     Mevei  stippoit>  hi>  hypothesis  hv  aiianuiiik' 
a    seiies    stattin-    with  tiional.  which    is   lelatively 
least  soluble  in  water  hut   ino>i  s..lul>le  in  fat,  and 
passing    thioUL;h    Imtvl   diloral    to    Milphonal.    next 
chloral,  aiiil  hnallv  to  methane,  whi-  h  of  the  tive  i- 
most  soluble  in  water,  but   least  soluble,  relatively, 
in  fat.     He  finds  that  the  narcotic  power  oi   these 
dru-s    for    ta<lpole-^    is    greatest    with    trional.    and 
passes  in  the  same  ofder  to  the  least  toxic,  met h  me. 
The    hvpothesis    has    scarcely    yet    pa-ed    out    of 
the  realm    of    su--cstion.  and    in    any  <  ase  would 
be   of    greater    theoretical    interest    than    practical 
importan<-e.  . 

Chloroform  may  cause  a  fatality  in  three  distinct 
ways:  hist,  bv  vagus  inhibition;  secondly,  by 
poisoning  the  heart  and  vital  centres  in  the  medulla 
of  the  brain  ;  and  thirdly,  bv  inducing  acute  fatty 
def'eneration  of  the  viscera,  and  acidosis. 

VAGUS  INHIBITION. 
Some  of  the  most  tragic  calamities  of  surgical 
practice  are  due  to  vagus  inhibition  by  chloroform, 
and  few  ar.d  happy  are  the  surgeons  who  have  never 
seen  it.  Here  we  must  place  those  cases  where  the 
patient  is  tar  irom  under,   perhaps  struggling  and 
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>>h(iutiiif,',  and  then  without  warninfj  draws  a  few 
dci'p  hit-aths  and  dies.  Hno  alsn,  those  who  seem 
to  he  undtr,  hut  whoso  heart  antl  re>^piration  cease  on 
htihy  hftfd  into  j)Osition  for  the  suij^eon.  Here. 
again,  those  who  have  heeti  j^iven  a  mere  whirt  of 
the  anasthetic  for  a  trithn^  operation,  and  whose  hfe 
ebbs  away  at  tl)e  bare  toucli  of  tin-  knife. 

All  of  the-.e  may  be  repro(hiced  in  experimental 
animals,  and  we  are  exactly  informed  as  to  what  takes 
place.  C  hlomfonn  has  the  deadly  power  of  causing 
an  undue  irritability  of  the  va^us  centre,  especially 
in  people  of  the  "  Iymi)hatic  "  tyjK',  in  whom  the 
ihvnuis  is  enlarj^ed.  Later  in  its  action,  if  anasthesia 
is  K''»'hially  induced,  tliis  hyper-excitability  gives 
place  to  depression.  During  the  stage  of  excita- 
bility, a  stimulus  is  likely  to  cause  reflex  stoppage  of 
the  heart,  just  as  in  the  frog  with  >pinal  cord  and 
vagus  nucleus  intact,  tapping  the  intestines  will 
refU'xIy  stoj)  the  heart.  During  tlie  induction  of 
anasthesia  there  are  several  ^>ossible  stimuli  which 
may  be  sources  of  danger.  Tlie  most  important  is 
the  sudden  inhalation  of  a  chloroform  vapmr  stronger 
than  J  per  cent,  which  is  particularly  liable  to  occur 
during  struggling.  Lifting,  or  connnencement  of  the 
operation  before  the  jxitient  is  under,  may  aJso 
furni>h  such  a  stimulus,  either  chrectly  or  by  causing 
deep  inspirations  of  concentrated  vapour. 

An  apology  must  l)e  made  for  saying  again  w  hat  we 
all  know,  vet  never  can  know  too  well.  It  is  courting 
disaster  to  hurry  the  patient  under.  We  must  feel 
the  pul>e  all  the  time,  as  well  as  watch  the  pupil  and 
the    resi>iratit.Ti5.     We    nrazi    withdraw    the    mask 
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(luriiiK  '^tniUJ.'litik'.  "  Wliitfs  "  arc  far  twnv  dant^croiis 
than  prnjMT  aiiiL-tlit-ia.  No  liftiiii,',  '>f  tuttiiii,'.  or 
painful  pM--Mirc  i>  prrmi-^-^ibU'  until  tlu-  pititut  i> 
propcily  uiulfr,  Tlifrr  is  no  <lani;fr  ot  an  ovrnlose 
(luring  'piirt  lireathini,'  if  tlie  nia-k  i>  kt-pt  halt  an 
inch  away  fimu  tlif  face. 

What  is  to  be  done  if  the  calamity  is  not  stucc  - 
lully  awrtfl.  and  thf  lu-art  and  bicatliiiit,'  « ease  ? 
The  l)o(.k^  a<lviM;  a  do/en  iNprdients.  A  moment's 
consideration  i.f  p]iy.>iol(>-ical  piimiplt-^  will  lead  us 
to  put  mo>t  of  them  a>ide.  How  i  an  amvl  nitrite, 
whicli  is  simplv  a  Na>Mdilator.  pus-,ibly  help  a  heait 
stopped  by  the  vai^us  ?  Strychnine  and  l)randy  arc 
perfectly  futile.  It  is  no  u-e  j^ivin^'  oxygen  to  a 
patient  wlio  i^  n..t  breathint,'.  "  (ialvani/.ation  of 
the    phrenics "    is   ecjually    likely    to   ^alvani/e    the 

vagus. 

There  are  ]U>t  four  measures  which  matter,      llie 
first  is  to  have  the  liead  low.  so  as  to  keep  the  vital 
centres   alive.     Tlie   sccotul   is,    of   course,    artiticial 
respiration,   wliich   tills   the   auricles  with   !)lood   as 
well  as  the  lunt^'s  with  air,  averts  death  from  asjihy.via, 
and  so  gives  the  heart  a  chance  to  recover  if  it  can. 
The  lliircl  is  to  stimulate  the  heart  to  contract  again 
by    manual    compression,    if    possible    through    the 
diaphragm.     The  fciirlii  is  to  administer  as  (piickly 
as  possil>le  atropine,  which  must  be  injected  right 
into  the  heart  by  a  long  hypodermic  needle.    Atn^pine 
is  well  known  to  paralyse  the  terminals  of  the  vagus. 
Every  medical  student   is  taught   to  resuscitate  by 
its  means  the  frog's  heart  stopped   by   muscarin  or 
pilocarpine   (which  stimulate  vagus   nerve-endings). 
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Its  value  ill  oveicnuiint,'  chl«>rofirni  iiihil'itinn  has 
l>ccn  ahtiri'lantlv  j)n>\f.l  by  Dixoii  ami  '>tlit'is  in 
(lou's,  .111(1  tli<>ui;h  it>  UM>  in  such  rast'-;  in  m.m  is 
but  lect'nt,  suctTsses  arc  aheady  rec  I'ltltvl.  That 
there  ha\e  l»t'c?i  faiiun>  is  aihiiitte<l,  hut  there  is 
poixl  reaxm  to  hojH"  for  recovery  with  immediate 
iniedioii  into  the  heait  itself.  There  i>  k'"'"'"!  f*"' 
hoimii,',  al>o.  tliat  a  pielirninaiy  iii)e<tion  of  sc(»|M)la- 
miu.  now  Ucominj;  popular  for  eniploytnent  In-'foie 
the  a(hnini>tiatioii  of  a  f^eneral  an. esthetic,  may 
help  to  eliminate  these  terribly  sad  ocrurreiues. 

Se\eral  patients  app.ireutly  pas>e<l  U'Voinl  the 
shadowy  Kubicon  whuh  sep.ir.ites  the  li\iiig  irom 
the  dead  liave  l>een  brought  bark  to  life  by  rapidly 
upxniirit,'  the  upper  abdomen  and  rhythniieally 
s(}uee/inf,'  the  heart  .iqainst  the  chest  wall  through 
the  di.iphraLjin. 

POISONING    OF    THE    VITAL    CENTRES. 

Turniii!:;  to  the  second  danger,  we  must  realize 
another  outstanding  ditierence  iH^'we^'n  chloroform 
and  ether.  The  latter  stimulates  the  circulation,  and 
death  from  an  overdose  of  ether  will  be  death  from 
paralysis  of  respiration,  louring  the  prolonged 
administration  of  chloroform,  on  the  other  hand,  the 
circulation  is  depressed,  the  heart  dilates,  and  the 
blood-pressure,  as  measured  by  the  Kiva-Rocci 
instrument,  falls  ste.adily.  It  is  well  known  that 
when  the  operator  complains  of  hamorrhage  obscu- 
ring his  view,  the  substitution  of  chloroform  for 
ether  will  usually  diminish  the  l)leeding.  In  very 
prolonged    o|>ciaiionb,    oi     in    suigicai    procedures 
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invdhing  some  <lof,'rco  of  slmck,  the  deprespion  of 
tlie  operation  adfkd  tn  tliat  of  tlie  chloroform  may 
lead  to  a  fatal  lesiilt  wliich  would  not  have  occurred 
witli  ethc*-.  This  may  to  some  extent  be  obviated  if, 
on  accoimt  of  broni  hial  complications,  it  is  necessary 
*to  trust  mainly  to  chloroform,  l)y  giving  an  occa- 
sional mask-full  of  ether  to  stimulate  the  great  vital 
centres  in  the  medulla. 

If  till,  ^  irgical  operation  d(K'S  not  involve  much 
shoe"'  ,  lut  chloroform  is  carelessly  pu>hed  in  spite 
of  (hi  :  ig  ])uj>ils  and  disaj>pearance  of  the  light 
rellex.  \uv  b.reathing  will  fail,  and  in  these  circiuu- 
stances  the  heaa  will  be  found  >till  beating  when 
respiration  ceases. 

DELAYED    CHLOROFORM    POISONING. 

The  tiiird  danger  is  sul)tle  and  unexpected  ;  it  has 
been  recognized  only  recently,  and  ue  do  not  know 
how  to  t'c:  t  its  synijitoms. 

In  C  hajiter  \'1 1.  reference  is  made  to  the  remark- 
able process  of  abnormal  decomi)o>ition  of  fats  which 
may  take  place  when  the  amount  ol  gluco>e  supplied 
to  tlie  tisMies  by  the  b-lood  is  dehcient.  In 
these  circmnsiances,  ,<H)xybutyric  acid,  diacetic  (or 
aceto-acetic)  acid,  and  acetone  are  proiluced.  and 
the  patient  is  poisoned  by  tlie  acids,  wliile  the  acetone 
imparts  a  sweet  odour  to  the  breath  and  urine.  We 
saw  that  st.irxed  patients  and  diabetics  were  par- 
ticularly liable  to  this  c<mdition  of  "  acidosis  "  or 
"  acetonanha,"  as  it  is  variously  called.  Fat  chil- 
dren and  sufferers  from  peritonitis  are  frequently 
ihc   subjects   ul    acidosis   after  operations   in   wiiicli 
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ihloroform  ha>  been  used,  and  tliere  is  greater  danger 
it   there  has  been  a  loiii,'  interval   l-etween  the  last 
leed  and  the  anastlietic     A  pn.loniieil  administration 
is  more  dan^'er^ns  tlian  a  Vnicf  <•:.         The  train  vi 
symptoms    is    r»'ferri'd    to    aS    d.  laved    rhl'Toform 
poisoning.     A    ho>pital    of    2(h     'n-d.-    in.iy    perhaps 
furni>h  one  or  two  sn<  h  cases  at:  u,tl!v,  it  chlorolorm 
i->  u>ed  treciuently  as  tlie  ance:>thetic  of  choice.      The 
signs  are  incessant  vomiting,  drow-^iness  or  uncon- 
sciousness, and  a  sweet  acetone  odour  in  the  bieath. 
Acetone   and   aceto-acetic   acid   are   present   in   con- 
siderable amount  in  the  urine.     A  tract-  may  often 
le     found     after     any     aiue^thetic.     Death     follows 
within  a  few  davs.     At  the  post-mortem  examination 
the  liver,  kidneys,  and  other  orgars  show  signs  ol 
acute    fatty    degeneration.     Whether    this    is    the 
cau^e  or  thv'  consecpience  ol  the  acidosis  may  Ixi  in 
d' ubt,  but  the  vomiting  and  drowsiness  are  almost 
certainly  due  to  tho  effect  of  tlie  acid  intoxication 
on  the  Imiin.     Most  surgeons  who  are  aware  of  the 
condition  can  recall  sad  cases  wheie    an   operation 
promised  well,   but   tliis  fatal  omrplication  stepped 
HI    and    banished    all    hope    of   a    favourable   issue. 
Keccntly  it  lias  been  found  possible  to  imitate  the 
condition    in    experimental    animals.     To    draw    the 
practical   lesson,   we   can    at    present    hope   only   to 
j)revent,   not   to   cure.     Kvery   patient   to   whom   it 
may  be  necessary  to  administer  chloroform  should 
be  guarded  as  far  as  pi;.>sible  against  this  compli- 
cation.    The    urine    should    be    ter-ted    with    ferric 
chloride.     A  prolonged  starvation  should  be  avoided, 
("d.ucose  and  alkalies  liave  been  advocated  as  remedies 
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likely  to  prevent  troul)le,  and  the  former  would 
appear  to  be  the  better.  If  p<issible,  ether  should  l)e 
gi\'en  to  patients  wlio  have  been  starved,  to  fat 
children,  and,  especially,  where  the  urine  strikes  a  red 
colour  with  ft-rric  chloride.  Diabetics  require  siHjcial 
care.  If  i)rol()n^od  vomiting,'  ft)llows  recovery  from 
the  an;esthetic,  the  poison  should  be  diluted  by  a 
larj^'e  injection  of  saline  into  the  rectum,  which  often 
works  wonders.  If  acetone  can  be  smelt  in  the 
breath,  fjjlncose  or  alkalies,  or  both,  should  be  intro- 
duced into  the  blood  by  transfusion,  but  success  is 
not  very  proi)able,  as  these  remedies  cannot  restore 
the  fatty  liver  and  other  \iscera  to  normal. 

Whether  the  acitlosis  is  the  cause  of  the  vomitini,', 
or  whether  tlie  starvation  consequent  on  the  voinitini,' 
causes  the  acidosis,  is  not  yet  certain,  but  we  may 
safely  attribute  the  drowsiness  to  the  acids  in  the 
bloo<l,  and  they  probably  share  in  bringing  al)out 
the  fatal  termination. 
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CUAVTER    IX. 
NERVE    INJURIES. 

Tiio  rfiVrts  "f  iiorvc  s-cti  ai  — I'lirritir,  |>r.  .t.>|>.itliir,  and  drop 
scnsilulitv. — (.  ati-^.itf'ti  "f  tfiphir  IfsL.ns — I  )iai;ii.'sii  i>f  partial 
IRTM'  SfCti'ii.  —  Hi)W  df«»inratfd  nerve  is  r.j^eiieratcd. —  The 
resulti.'f  primary  and  s<c..iidary  nerve  j,utiir.>  — M.tlMda  ^f  dealing 
with  wide  i;aiis. 

IT  will  1)0  necessary  in  coinpressinf;  this  immense 
subject  into  the  limits  of  a  single  chapter  simply 
to  mention  the  better-known  phenomena,  anil  refer 
to  the  orii^'ina!  monoi^raphs  those  who  wish  to  become 
more  fully  acquaintetl  with  the  interesting  results 
here  alluded  to. 

THE    EFFECTS    OF    DIVISION    OF    A    NERVE. 

The  effects  of  division  of  a  nerve  are  as  follows  : — 

(a).  I'Taccid  p'lralysis  of  the  muscles  supplied,  with 
loss  of  retlexo. 

{}<).  Loss  of  epicritic  sense  over  the  anatomical 
area  supplied  by  the  nerve.  Loss  of  protopathic 
sense  over  an  area,  usually  smaller  and  encircled  by 
the  former.  Sometimes  loss  of  deep  sensibility  over 
an  area  smaller  still.  (rhe>e  terms  are  explained 
subsequently.) 

(t).   Reaction  of  de.generaiion. 
{iD.  Wastine;  of  nmscles. 

(<•).  Paralysis  of  the  pilom<itor  nerves,  so  that  the 
hairs  lie  irret^ularly,  and  "  fj;oo,se  skin  "  does  not  so 
readily  occur. 
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(/).   Paralysis  (4  s\\(  itiii£^'  in  tlie  aic-a  sni>j)lic(l. 

(/;').   \'astMiIar  (lilatalmii  (transit(irv). 

{h).  rri>j)liir  rli;in,L;t-,  siu  li  as  /,^IiNsy  skin,  onychia, 
scn.sitiveiio>>  to  injury,  ulceration,  and  certain 
liist<tlogiral  cliangcs. 

(z).  Walk'rian  dct^cncration  of  tlic  distal  part  of  the 
ncTVc  cut  off  from  its  nerve  cell. 

(;).  Nissl'^  deireneration  (cluoniatolysis)  of  tlie 
ner\e  cells  Jioni  which  the  ner\e  lihres  are  derived. 

Concernini.;  two  of  the>e  headin,!.;s>  a  few  WDrds  of 
e\])lanation  may  be  useful. 

The  terms  rpicnfu-.  protof^iitiiic,  and  deep  scnsihilUx 
were  introdu<fd  by  Head  and  Slieneti  to  denote 
some  \ery  nniMntant  di^-tinctions,  failme  to  ob^er\e 
wliich  ha>  Ifd  to  en<lle,-^s  mi>takes  and  conlu.-ion  in 
the  \rd>{. 

We  may  t.ike  as  an  illustration  the  coii^equences 
of  section  of  the  ulnar  nerve  at  the  elbow. 

Epmitic  Snisc  will  be  lost  oN'er  the  whole  of  the 
little  linger,  o\er  the  ulnar  half  of  the  ring  linger, 
and  o\i'r  a  coire>jionding  area  of  the  ulnar  .•surfaces 
and  l)order  of  tlie  hand,  both  back  and  front  ;  that 
is  to  say,  o\er  the  legiou  described  in  the  anatomy 
books  as  sup])lied  by  this  ncr\e.  In  this  area  the 
patient  will  be  unable  : 

(i.)    lo  detect  a  liglit  toucli  ; 
(ii.)    To  detect  mild  ranges  of  heat  or  cold  ; 
(iii.)    To   distinguish    two    points   of    an  opened 

conijxiss  as  separate  ;    and 
(iv.)    His  localization   will   bo  imperfect. 

In  tlie  glaiis  j)enis  epicritic  sense  is  normally  absent. 

PfviopittiiiL    ."^iiisc  will   be   K'bt   over   the   whole  of 
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the  little  tumer,  and  over  a  -^inall  area  of  the  ulnar 
border  nf  the  hand.     In  this  region  the  patient  will 
be  unable  to  detect  : 
(i.)  A  pin  prick  ; 
(ii  I  Extremes  of  heat  and  cold. 
Di'cf^  Soisihilify  will  be  lost  over  a  smaller  area 
still,  of  variable  dimen>ions.     That  is  to  say.  deep 
pres'^ure  will  no  longer  be  appreoiate.1  by  the  nerve 
endinus  in  the  ten<lons.  joints,  and  bones. 

It  is  easy  to  deduce  tiom  the  above  that  serious 
pitfalls  await  the  unwary  obser\er  in  testing  such  a 
case.     1  le  mav  make  pressure  on  the  little  finger  over 
the   metacarpo-phalangeal   joint,   or   over  the  ulnar 
border  of  the  rin-  linger,  and  on  being  told  by  the 
patient  that  both  are  readily  felt,  may  conclude  quite 
mcorrectlv  that  the  ulnar  nerve  is  intact.     Testing 
with  a  pin  point  will  probably  bring  out  an  area  of 
an;L>thesia  smaller  than  that  currently  supposed  to 
be  supi)lied  bv  the  ulnar  nerve. 

The  only  rdiahlc  mrtlmd  of  Icstnv^  for  anctsHiesia 
VI  smh  casc^  is  to  make  the  patient  close  the  eyes,  and 
ask  Mm  to  vidicaie  uith  a  finder  of  the  opposite 
hand  each  point  touched  as  lii^htly  as  possible  by  a 
penal  of  i.ool.  In  testing  hairy  parts,  the  hairs 
should  be  shaved,  or  protopathic  or  deep  sensibility 
may  be  excited.  If  these  directions  are  followed  an 
area  of  ana-sthesia  \m11  be  mapped  out  corresponding 
to  the  anatomical  distribution  of  the  nerve. 

It  is  astonishing,  at  first  sight,  to  find  that  a 
patient  can  feel  a  pin-prick  or  pressure  in  a  region 
to  which  the  anatomist  can  trace  only  one  nerv-e, 
and  that  one  known  to  lie  divided.     By  what  path 
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is  he  made  aware  of  the  stimulus?  We  must  re- 
member that  tiny  nerve  twi^s  are  to  be  found  in 
unexpected  plac  es  ;  in  fa^  ia.',  tendons,  and  bone, 
entering  them  far  up  the  limb  ;  in  the  walls  of 
cutaneous  vessels  ;  also  that  there  is  alwavs  a  con- 
siderable overlap  of  the  distiibution  of  nciju'hbouring 
nerves,  at  any  rate  of  their  hnest  terminals,  to  be 
followed  only  by  the  microscope.  The  deep  dis- 
tribution both  of  the  ulnar  and  radial  nerves,  in  the 
instance  given,  is  wider  than  their  cutaneous  dis- 
tribution. It  is  probable,  tliough  not  certain,  that 
extremes  of  temjx  rature  and  painful  stimuli  are 
effective  because  tliey  penetrate  to  the  subepithelial 
tissues.* 

We  do  not  now  refer  tlie  so-called  "  tropliic 
dianges  "  :<j  loss  of  innervation  by  special  nerve 
fibres  who.se  sole  function  is  to  maintain  tlie  nutrition 
of  the  part.  The  vulnerability  of  the  parts  to  injury 
or  invasion  by  bacteria  can  be  explained  without 
any  such  theory.  To  find  tlie  simpler  explanation, 
we  liave  to  ask  how  a  particular  part  of  tlie  body  is 
al)le  to  obtain  a  better  blood-supply  at  need.  The 
answer  is  twofold.  There  is  n  h'cal  chemical  action 
independent  of  ner\-es.  A  nerveless  limb  will  show 
hyperamia  wlien  a  mustard  plaster  is  applied.     A 

•  Head  denies  this,  believing  that  there  is  a  different  and  more 
primitive  sensory  apinratiis,  the  protopathic,  detecting  extremes 
of  heat  and  cold,  .ind  a  mure  rerentlv  arqiiired  sensorv  apparatus, 
the  epicntic.  detecting  the  smaller  ranges.  He  bases  his  opinion 
principallv  on  the  ex.iniination  of  a  sin.iU  area  in  his  own  arm 
after  division  of  the  radial  nerve  :  in  this  area  epicritic  sense  was 
intact,  but  protiii-athic  sense  was  lost.  He  also  states  that  the 
viscera  possess  onlv  protopathic  sense  :  it  is.  however,  probable 
that  the  stomach  and  colon  have  w-  tvmperaturc  5ci:£e  at  al!. 
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limb  all  but  amputated  — left    connected  with  the 
body  only  l^y  its  main  artery  and  vein— will  show- 
active    hypera-mia    if    its    blooil -supply    has    been 
>topped    for    a    minute,    and    then    released.     The 
chemical  substances  liberated  in  starved,  fati^^ued,  or 
damaged  tissues  exert  a  local  action  on   the  small 
arteries   supplying   them,    causing    them    to    (hlate. 
Pnit  there  is  also  u  vasomotor  re  flex,  wherel)y  a  message 
is  sent  to  the  spinal  cord  and  vasomotor  centre  in 
the  medulla  asking  for  more  blood,  and  in  conse- 
(juence  vasodilator  impulses  are  sent  to  that  part, 
and  vasoconstrictor  impulses  to  the  rest  of  the  body. 
Normally,     these    occurrences    are    the    inevitable 
result  of  every  insult  or  injury,  of  every  invasion  by 
a  few   bacteria,   and  we  know  nothing  of  them  in 
consciousness.      But    when   the  nerves  of  the  part 
are    cut,  the  vasomotor   reflex    faiis,  and  the  local 
hvperaniia    takes    place    too    late    to    check    the 
mischief. 

One    may    illustrate    the    circmnstances    by    the 
analogy  of  a  guarded   frontier.     An  armed  raid  is 
made   by   an   enemy  ;     the   nearest   garrison   is   too 
weak  to  repel  it,  and  telegraphs  to  the  l)ase  to  urge 
a  hasty  concentration  of  the  troops.     The  message 
goes  astray   because  the  wire  has   l)een   cut.     TL' 
garrison  must  make  what  resistance  they  can  with 
the  aid  of  local  volunteers  and  small  levies  sum- 
moned by  runners.     The  analogy  fails  in  this  par- 
ticular,  that   the  bacterial  invaders  of   the  human 
frame  will  not  remain  constant  in  numbers  till  the 
belated  defending  forces  are  at  last  mustered  against 
them,    but    will    multiply    a    thousand-fold    in    the 
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inteival   and  flo   irrepar.'il)lc   damage.      This  is   the 
jiatliolo.^y  of  "  trophic  !esif)ns." 

\\"c  jiass  fiMin  tlie  etlcf  ts  of  total  nerve  section  to 
those  of  an  incomplete  (h\ision.  If  less  th.Mi  one- 
third  of  the  lil)rcs  are  cut,  tlu^re  may  l>e  no  symj)t<tms 
at  all  except  perhaj)s  pain.  In  general  the  sensory 
disturbance  is  greater  than  the  motor,  except  in 
such  1  nirve  a-;  the  mns<  tilo-spiral,  even  complete 
section  of  x.iiich  may  caine  no  an;e:^thc-^ia.*  ICpicritic 
sense  is  more  affected  than  protojxithic.  If  any 
muscular  weakness  is  present,  a  very  characteristic 
electrical  reaction  may  be  ol)tained,  the  faradic 
response  being  li>>t,  but  the  gahanic  response  being 
brisk,  not  slugijish,  and  K.C.C.  greater  than  A.C.C. 
It  will  be  remembered  that  with  complete  division, 
the  galvanic  response  is  'iiL:gi>h,  and  A.C  *".  is 
greater  than  K.(  .C"J  Pain  and  mottling  (»f  the 
skin  aie  often  more  evident  with  partial  than  with 
complete  di\-i>ions  of  the  nerve. 

REGENERATION. 

Much  discussion  and  research  have  been  devoted 
in  the  past  decade  to  clearing  up  the  problem 
as  to  how  the  ner\e  hbre  is  reproduced  when  it  has 
been  cut  off  from  its  nerve  cell  and  has  degenerated 
in  consecjuence.  We  know  that  the  fibres  peripheral 
to  the  section  degenerate  ;  we  also  know  that  if  the 
cut    ends   are   brought    together,    whether   at    once 


•  It  is  often  firs' '11011  that  the  radial  nerve  is  joined  ia  the 
forearm  l)y  lir.inches  nf  the  nuiscuK'-cut.ine.ius. 

i  I  d(i  n'>t  explain  hese  terms,  tiecause  i.nly  an  expert  would 
vindortak'"  tlie  invent  svui-^!'.  ■■'*.  tl.e  e'.ertrir.i!  re.irtior.5 
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(piiiiKuv  siiUHfi  or  niany  months  liter  (secondary 
suture!,  meilull.itfil  nerve  will  in  time  be  repro- 
(luceil  an<l  llie  Unutimi  restore*!.  Tlieie  are  two 
school  ot  i'Uerpretati  ui.  Tlie  one  holds  that  the 
central  cut  emJ  buds  out  new  tibres  which  hnd 
their  wav  down  the  old  track  to  tiieir  old  destina- 
tions. This  is  the  theory  of  central  reqeneration. 
'I  he  other  school  contends  that  the  severed  piece 
of  ner\-e.  after  de^'eneratint,',  eventually  recovers 
it.'^elf,  aii'l  the  continuity  of  its  libres  is  restored, 
thoui,'h  admittedly  very  few  of  them,  if  any,  acquire 
a  medullary  sheutli.  It  only  needs,  accorihni;  to 
this  sihool.  tliit  the  nerv(!  thus  regenerated  sliouKl 
lie  put  into  continuity  with  its  old  stump  for  its 
functi(>n  to  be  re-tored  .ind  the  me(hil!ary  sheath  to 
de\elop.  This  is  thv,'  theory  of  peripheral  regenera- 
tion. 

'I he  arguments  in  favour  of  the  latter  theory  are 
as  follov>s  : — 

(lO.  A  nerve  is  cut  across,  and  the  cut  ends  kept 
apart.  After  some  months,  it  is  said,  long  l>eaded 
f'lbies  may  l)e  demonstrated  by  suitai)le  staining 
methods,  running  continuously  the  whole  length  of 
tlie  nerve.  They  are  not,  in  oi  'inary,  surrounded  l>y 
a  medullary  sheath. 

It  i>  ol)jected  to  this  that  more  reliable  staining 
methods  show  onlv  the  discontinuous  fil.ires  which 
make  up  onhnary  white  hbrous  tissue  ;  and  that  no 
nerve  elements  are  present  at  all  in  tlie  degenerated 
piece  of  nerve  thus  cut  off  from  its  trophic  centre. 

(6).  It  has  been  claimed  repeatedly  that  if  in 
man  a  ncr\c  is  diNi'io=l  and  wt  si-.tutj-d   for  many 


1  > 


■*•■«« 


1.1 


i;j() 


NKIIVK     IXJriflKS 


inoiitlis,  the  patient  mav  have  soinc  (k-i^'rio  of 
rt'("o\('rv  ()f  sensaliiin  in  the  an. esthetic  area  within 
a  leu  (la\s  after  the  suttirinLj.  We  know  that  it 
the  ner\e  had  been  restored  hy  jiriinary  suture,  it 
Would  have  l)een  months  before  any  reioverv  tould 
liave  taken  place.  The  deduction  would  l»e  that  the 
isolated  se^'inent  of  nerve  had  re.^enerated  its  cnn- 
tuiuity,  and  only  needed  to  be  put  into  comniunica 
tion  with  an  efiicient  nerve  to  become  elhcient 
itself. 

One  luif^'ht  illustrate  the  two  theories  in  this  way. 
A  telej^'raph  wire  near  a  town  A  has  been  cut.  and 
the  wliole  line  from  \  to  Z  completely  destroyed, 
leaving  only  the  track  of  the  broken  ptiles.  \'illai,'ers 
at  H,  C,  1),  etc.,  aloui,'  the  line  effect  a  certain  amount 
of  roU(.<h  lepair,  and  tmally  lestore  a  continuous 
wire  from  B  to  Z.  After  some  monihs,  when  this 
has  been  done,  a  tele^'raph  operator  reunites  the 
wire  near  A.  Connnunication  with  Z  is  at  once 
lestored.  This  illustrates  the  theory  of  peripheral 
legeneralion. 

But  let  us  vary  the  ])rocess,  antl  suppose  that  the 
operator  starts  from  A  and  unites  a  new  wire  to  th<; 
cut  end,  and  then  works  slowly  through  B,  C, 
[),  repairing  as  he  goes,  until  tmally  lie  reaches  Z. 
This  would  illustrate  the  tiieory  of  central  regenera- 
tion. If  it  be  true  that  communication  can  be 
restored  within  a  few  liours  (»f  the  reunion  of  the 
wires,  it  is  evident  that  peripheral  regeneration 
must  have  taken  place. 

It  is  doubtful,  however,  wliether  the  clinical  obser- 
vations   ('f    imiVicdiate    leiurn    of    sensation    after 
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seconditrv  suture  are  tru.-.t\\('rtliy.  As  we  have  seen 
alu-ady,  there  aie  iiiaiiv  lall.uies  iii  te>tin^'  sensation, 
and  since  the>e  have  l>een  rem^ni/ed  there  is  no 
evidence  that  sU(  h  innnediate  return  of  sensation 
has  been  proved  to  occur  in  any  well-authenticated 
case.  Patients  are  otten  over->anf^nine  as  to  the 
Lenelit  <»1  operations,  and  may  deceive  themselves. 
The  irritation  of  the  stump  by  the  stitclies  may 
induce  sensiitions  referred  to  the  surface.  Ic  is 
certain  that  in  most  cases  improvement  after  second- 
ary suture  is  not  more  but  le.-is  rapid  than  after 
primary  suture 

(M.  Belhe  and  others  have  found  that  if  a  nerve 
is  divided  and  not  sutured,  but  a  gap  is  left  which 
jiiexents  union,  alter  a  year  or  two  a  few  meduUated 
Iibies  may  be  seen  in  the  degenerated  {>eripheral 
segment,  and  feeble  muscular  contractions  of  the 
paralysed  n.  .scles  may  follow  stimulation.  He  took 
this  to  indicate  tliat  peripheral  regeneration  had 
occuMcd.  Langley  and  Anderson  have,  however. 
proved  tliat  these  few  medullated  fibres  are  derived 
from  some  other  nerve  in  the  limb,  which  has  grown 
down  the  old  patli,  in  obedience  to  the  mysterious 
chemical  attraction  which  is  presumably  the  cause 
cf  central  regeneration.  Thus  if  the  sciatic  nerve 
was  divided  and  the  upper  part  cut  away,  any 
medullated  fibres  found  in  the  tibial  nerves  will 
degenerate  after  section  of  the  anterior  crural  or 
obturator.  The  oliservation  thus  l)ecomes  strong 
evidence  in  favour  of  the  theory  of  central  regener- 
ation. 

TliCie  is  indeed  abundant  proof  in  favour  of  the 


rag!  -I 


; 


18. 


NKKVK     INJIHIKS 


view  that  tlif  new  iut\i'  tilnc-;  forinc'l  after  suture 
:uv  l)U(I(h-il  out  Irorn  tlu'  ( ut  <tiitral  fiid.  It  will 
lie  fouii«l  that  ni'.v  iiu-  hillatc'l  lilnc^  arc  })rL'-frit  only 
in  tin;  pnixiinal  part  ni  th<-  if^ciici.itiii:^'  nt'i\c  at 
tirst.  whereas  at  a  later  date  t!ie\  rea»  h  the  petipherv. 
Oti'v  a  few  inillinietre^  in  i\  have  reLjenerated  in  a 
month.  It  has  reicntly  been  shown,  l>y  Perioncito, 
that  the  luie  libiiU  whu  h  i  on-titutr  the  a.\i-  <  \  iinders 
of  the  centi.d  end  (onnneiire  to  ^^low,  ( ml,  t'lul,  and 
branch  witlin  a  few  hours  ol  the  uijiiiy,  apparently 
"  feehnt,'  f<.r  "  the  old  trat  k. 

Mott  an<l  Ilalliluirton  ha\-e  -how  ii  that  if  a  nei\e 
is  cut  ami  sutuied,  and  nine  allowed  for  re^eni-ration, 
after  a  .-erond  section  at  the  same  pine  the  new 
medullated  tilue^  peri|iheral  to  the  injurv  all  di':.'ener- 
ate.  Had  they  l>een  dexeloped  /;;  si!ii  l«y  the  activity 
of  theshe.ith  (  el'-,  <ine  wculd  not  e.\pe<  t  deLH-neiation 
after  the  se(<'nil  station,  because  thev  would  not  in 
tliat  case  ha\  t:  been  cut  oH  tioiii  their  ( cntie  ot  orii^'in. 
The  deduction  is  that  the  new  fibres  wire  (leii\ed 
from  the  central  end. 

Convincini,'  proof  has  been  adv. meed  by  embry- 
olot^isis  that  the  nerv-  -  in  the  embryo  are  not  formed 
ttt  situ,  but  aie  budded  out  from  the  nervous  elements 
of  the  brain  and  spinal  cord.  By  tfiuovinf,'  the 
medullary  f;roo\e  in  frog  embryos  and  planting  it 
in  hinjth  cl(>t,  Ross  Harrison  has  octually  observed 
the  de\eloping  nerxe  cell  grow  iiut  its  axon  at  the  rate 
of  20  //  in  twentv-live  minutes.  The  outgrowing  a.xon 
is  actively  amaboid.  He  was  al^le  also,  by  de^troying 
the  ventral  part  of  the  developing  spinal  cord,  to 
obtam  tadpoles  in  which  the  muscles  had  no  motor 
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norvo.  Kit  i^  .illnwf.l  that  in  tin.- ciiilnyn  the  nerves 
prow  out  IPMii  tht'  trnli.il  ihtmhis  ^\  >tfni,  the  theory 
of  (riitial  ifi;tnci.ition  is  phiieil  upon  a  stroiiR  basis, 
and  indeed  it  is  now  ahnost  niu\eisallv  aicepled, 
\vheiea>  ten  years  ago  it  was  lti-.inL,'  tavotir. 

Iwd  (|Ue^tions  of  K'reat  uitfit-^t  have  recently 
received  ausuers.  I"ir>t,  W  liy  doe^  the  niedulhiry 
sheath  of  .i  nerve  hbre  break  up  uito  fatty  droplets 
when  It  ii  (Ut  off  from  its  trophic  (cntre,  that  is, 
from  it>  Cell  of  origin  in  the  central  neiAous  system  ? 
Second,  How  does  the  buddniK'  axis  cvhnder  of  the 
central  end  of  a  divided  nerve  manage  to  tind  its 
w.iv  so  accurately  along  the  old  path  .•' 

The  (iue>tions  are  intimately  related.  ICath  fur- 
ni>lus  the  answer  to  the  other.  The  medullary  sheath 
breaks  up  that  it  may  liberate  the  chemical  substance 
which  attra(  ts  the  sf)routing  axis  cylinder.  Tlie  new 
hbre  follow^  the  old  path,  because  of  the  chemical 
attraction  along  that  path. 

Nature  is  full  of  analogies  to  this  proce-s  of  cliemical 
attraction.  ( hemical  particles,  though  infinitely 
diluted  with  air  or  soil,  attract  the  vulture  to  the 
corpse  in  the  desert,  or  the  bloodhound  to  the  hunted 
criminal.  Smell  is  only  a  chemical  analysis.  Simi- 
larly, the  leucocytes  crowd  out  of  the  vessels  to  an 
inflamed  area,  in  ol)edience  to  a  law  of  chemical 
attraction. 

If  two  celloidin  tubes  are  presented  to  the  central 
end  of  a  divided  nerve,  the  one  containing  emulsion 
of  liver,  and  the  other  emulsion  of  brain,  all  the 
sprouting  fibres  pass  into  the  brain  emulsion,  none 
into    the    lube    containing    liver    (Foissman).     The 


^'<i4  ■■_-^-:t--.''.: 


134 


NERVK    IXJ  TRIES 


■rr 


^  ^1 


disintegration  of  the  nervous  matter  lays  flown  a  line 
of  bait  to  entice  the  regenerating  fibres  along  paths 
of  usefulness. 

The  phenomena  of  repair  after  suture  next  call 
for  remark.  It  may  be  said  at  once  that  the  sooner 
the  operation  is  perform  led  the  better  will  be  the 
results.  If  the  muscles  have  ceased  to  contract  to 
any  form  of  electrical  stimuhis,  operation  is  useless. 
It  is  very  seldom  that  l)enefit  will  !)e  obtained  if 
two  years  have  elapsed  since  the  injury.  If  asepsis 
is  secured,  accurate  primary  suture  seldom  if  ever 
fails. 

Sherren  gives  average  time  relat.^ns  as  follows  : — 
5-25  weeks :  Commencing  return  of  protopathic  sense. 
<>-i2  months :    Complete  return  of  protopathic  sense. 
12-18  months:    Return  of  epicritic  sense. 
12-24  nionths  :    Motor  recovery. 

Taking  the  ulnar  ner\'e  as  an  example,  recovery 
may  be  hoped  for  in  twelve  months  when  it  has  l)een 
divided  at  the  wrist,  or  in  twenty-four  months  when 
the  injury  was  at  the  elbow. 

During  recovery,  a  remarkable  phenomenon  has 
l)een  descrilxjd  by  Trotter,  who  had  nerve  sections 
performed  upon  himself.  Any  stimulus  over  the 
cutaneous  area  affected  gives  rise  to  a  decidedly 
painful  sensation,  referred  usually  to  the  most  distant 
part  of  that  area. 

Recovery  after  incomplete  division  of  a  nerve  is 
more  rapid,  usually  taking  less  than  six  months  for 
sensory  restoration  ;  it  is  perhaps  a  year  l>efore 
motor  power  is  normal.  ProtopLdiic  sense  does  not 
return  l^efore  epicritic,  as  it  does  when  the  ner\"e  is 
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completely  divided ;  they  are  restored  side  by  side  at 
an  efjual  rate 

The  last  jwint  we  shall  consider  is  how  best  to 
proceed  when  so  much  nerve  has  been  lost  that  the 
ends  cannot  be  got  together.     Many  methods  have 
l^ecn  adopted,  some  of  which  are  of  little  or  no  value 
and  should  l)e  allowed  to  drop  out  of  use.     Amongst 
these  may  be  mentioned  the  introduction  of  a  bridge 
of  nerve  dori\fd  from  a  cat,  dog,  or  rabbit  (which  will 
undergo  dissolution),  or  of  silk  or  catgut,  and  the  device 
of  splitting  the  ner\-c  longitudinally  and  turning  down 
one-half  across  the  gap.     It  is  quite  evident  why  these 
fail.      The  silk,  catgut,  and    probably  the   animal's 
ner\e,  cannot  provide  the  necessary  chemical  attrac- 
tion for  the  down-growing  ner\'e  fibres.     The  splitting 
"  en-Y  "  does  not  lay  down  a  continuous  "  scent  " 
along  the  tract  ;    it  is  broken  at  the  stem  of  the  Y- 
Infinitely  l^etter  results  may  be  obtained  by  suturing 
into  the  interval  a  length  of  human  nerve.     This 
may  be  obtained  from  an  amputated  limb,  but  it  is 
always   possible   to   excise   several   inches   of   some 
unimportant  nerve  such  as  the  internal  cutaneous 
of  the  arm,  and  if  this  is  too  slender  two  or  more 
pieces  may  Ixi  used  parallel  to  one  another.     It  is 
an  advantage  to  protect  the  ner\-e  junctions  from 
invasion  by  fibrous  tissue;    this  may  l)e  done  by 
enclcjsing  them  in  a  ring  or  tube  of  superficial  vein, 
or  in  Cargile  membrane. 

There  is  yet  another  method,  which  is  sometimes 
the  only  one  available.  Langley  made  some  very 
interesting  experiments  on  the  effects  of  joining  up 
the  cut  ends  of  different  nerves,  and  found  that  their 


i 


i 


1 


I 


136 


NERVE    INJURIES 


functions  could  he  transposed.  Tluis  he  turned  the 
cat's  vagus  into  the  cer\ical  syinpatlietic,  and  allowed 
regeneration  to  take  ])!ace.  The  \agus  is  of  course 
the  nerve  of  swallowinp.  and  therefore,  whenever 
the  cat  hijiped  milk,  all  the  effects  of  stimulation  of 
the  cer\  ical  sympathetic  were  seen  on  the  side 
operated  on — dilatation  of  the  pupil,  sweat. ng, 
retraction  of  tlie  nictitating  membrane,  pallor  of  the 
ear,  and  bristling  of  the  hair.  When,  however,  the 
(purely  sensory)  lingual  nerve  and  the  (purely  motor) 
liypoghtssal  were  crossed  in  like  manner  there  was 
no  result. 

Tlie  method  of  nerve  anastomosis  was  introduced 
into  practical  surgery  by  Ballance,  who  put  part  of 
the  spinal  accessory  nerve  into  the  periplieral  end 
of  the  degenerated  facial  nerve  to  relie\e  intractable 
facial  palsy.  The  result  was  e>:cel]ent,  but  tlicre  was 
a  tendency,  of  course,  for  the  face  and  the  trapezius 
to  contract  together,  and  smiling  was  accompanied 
by  jerking  of  the  shoulder.  To  avoid  this  the  hypo- 
glossal is  now  utilized  instead  of  the  spinal  acces- 
sory. It  was  hoped  that  there  was  a  wide  held  of 
usefulness  before  this  device  of  nerve  anastomosis, 
especially  in  infantile  palsy.  For  instance,  if  the 
anterior  tibial  muscles  and  peronei  alone  were 
affected,  the  e.xternal  popliteal  might  be  divided  and 
the  peripheral  end  jnit  into  a  notch  in  the  internal 
j)opIiteal.  Unhappily,  published  results  are  very- 
disappointing,  at  any  rate  in  the  case  of  infantile 
paralysis ;  probably  even  the  anterior  horn  cells 
supplying  useful  muscles  have  been  somewhat 
damaged,  and  cannot  take  on  more  than  ordinary 
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work.*  The  method  remains  hoi->eful,  however,  for 
paralysis  following  otlier  forms  of  nerA'c  disease  or 
injury. 
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CHAPTER   X. 

THE    SURGICAL    PHYSIOLOGY    OF    THE 
SPINAL     CORD. 

ThccfTcctf  '.f  divisiniii'f  tlie  I'.'Sfti  i..r  iii-rvr  ro.  .ts. -Tlic  diaijnusis 
anil  li'T.iii/.atiiiti  ><i  tniii'Hirb  cf  the  sj  laal  Curd.— The  exact  diagnosis 
of  injuriis  cf  the  spinal  firil. 

THE    EFFECTS    OF    DIVISION    OF    THE 
POSTERIOR    NERVE    ROOTS. 

THE  effects  may  be  classified  as  follows  : — 
I.  Anesthesia  of  the  spinal  area  of  skin 
supplied.  The  distiilmtion  oi  these  in  the  human 
subject  has  been  worked  out  thoroughly,  and  the 
charts  of  Head,  Sherrint:;ton  and  others  are  well 
known.  Siction  of  a  single  nerve  root  scarcely  ever 
causes  any  complete  loss  of  sensation. 

2.  Ataxia  of  the  corresponding  limb,  which  may  be 
severe. 

3.  Loss  of  tone,  leading  to  marked  flaccidity  of 
the  corresponding  limb. 

4.  A  \ariab1e  degree  of  functional  paralysis. 
Owing  to  the  loss  of  sensory  impulses,  the  ataxia, 
and  lack  of  tone,  the  patient,  man  or  animal,  prefers 
not  to  use  the  limb,  although  there  is  not  a  genuine 
paralysis. 

5.  Loss  of  reflexes. 

6.  Trophic  lesions,  such  as  ulcers,  whitlows,  etc. 

7.  IMiaiiy  iiui  sliuck.     Thi»  is  ratlicr  oUrpribing. 
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I  have  taken  the  blood-pressure  in  two  patients 
whilst  four  or  five  ner\c-rout5  in  the  lumbar  and 
sacral  plexus  were  cut  on  each  side,  and  there  has 
been  no  sudden  fall.  There  was  a  steady  drop 
throuiihout  the  whole  operation  (under  o})en  ether 
anasthesia)  amounting  to  less  than  eight  millimetres  of 
mercury. 

8.  Certain  degenerative  changes.  The  posterior 
columns  of  the  spinal  cord  sliow  Wallcrian  degenera- 
tion running  up  to  their  termination  in  the  gracile 
and  cuneate  nuclei  of  the  medulla.  As  Warrington 
and  others  have  shown,  in  animals  the  cells  of  the 
anterior  horn  on  th*  same  level  as  the  severed  roots 
show  signs  of  chromatolysis,  or  dissipation  of  their 
Nissl  granules.  I  have  recently  l)een  able  to  demon- 
strate this  in  man.  A  i^atient  w..  >  had  l)een  treated 
for  gastric  crist  s  by  resection  of  the  iK)sterior  ner\'e 
roots  from  the  seventh  to  the  tenth  dorsal,  died  about 
two  months  afterwards.  In  the  cer\-ical  region  all 
the  nerve-cells  were  normal,  but  in  the  region  of  the 
divided  roots  more  than  half  the  anterior  horn  cells, 
and  all  the  cells  of  Clarke's  column,  showed  marked 
chromatolysis.  This  is  interesting  in  tlie  light  of  the 
various  affections  of  the  motor  functions  just 
mentioned. 

The  surgery  of  the  posterior  nerve  roots  is  yet  in 
its  infancy,  but  it  promises  to  have  a  future.  When 
it  is  resorted  to  earlier,  it  will  most  probably  have  a 
greater  value. 

There  are  two  mam  indicatii^ns  for  di\iding  the 
posterior  nerve  roots.  The  one  is  pain,  and  the  other 
txtieme  rigidity,  in  tliC  course  of  spastic  paraplegia 
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or  licmiitlej^ia.  Tlit-  pain  may  l)t'  due  to  such  a 
cause  as  the  riis(''>  of  locoinoidr  ataxia,  or  the  agonies 
of  inoperable  cann-r. 

W'lien  nKin\-  roots  are  cut  for  spasticity,  it  is 
iiec(s>ary  t<i  lea\e  one  (ir  two  intact,  or  a  \ery  decided 
amount  of  ataxy  may  he  induced. 

THE    DIAGNOSIS    AND     LOCALIZATION    OF 
TUMOURS    OF    THE    SPINAL    CORD. 

Tumours  of  the  spinal  cord  do  not  occur  so 
commonlv  as  tumours  of  tlie  hrain,  but  the  results  of 
surgical  removal  are  a  good  di-al  better.  It  becomes 
imiKirtant,  therefore,  to  know  how  tt>  make  the 
diagnosis. 

Before  entering  upon  this  subject,  we  must  remind 
ourselves  of  tlie  functions  of  the  gre.it  i)aths  or  tracts 
running  up  or  down  the  spinal  conl. 

1)i.sci:ni)LN"(.  TK.xcis.^'lhe  pyranudal  trdcts  convey 
motor  impulses  from  the  corte.x,  and  particularly 
those  acquired  movements  which  call  for  skill  and 
finesse.  Thev  also  iidiibit  muscular  tone.  The 
ruhyt'sf)iniil  tract  (^h)nakc)w's  bundle)  controls  stock 
movements  such  as  staniling,  sitting,  and  walking. 
This  tract  starts  in  the  red  nucleus  in  the  isthmus, 
and  it  is  largi-ly  by  its  means  that  a  man  whose 
pvramidals  ha\  e  been  destroyed  in  the  brain  may 
still  be  able  to  get  about.  It  woulil  appear,  also, 
tliat  this  tiact  carries  down  imjnilses  tliat  inhibit 
any  excess  of  mu-cular  tone.  The  vcstihitlospinal 
and  other  tracts  pass  down  in  tlie  anterodateral 
colunms,  from  the  region  of  the  pons  and  medulla. 
Thev   are   important    paths   for  motor   inipul>es,   at 
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any  rate  in  animals  ;  in  nviikfys  a  section  of  thesf 
tract.>  produces  more  paialv>is  than  one  involvini; 
the  cros-e<l  pyramidal.  They  appear  to  convey 
impulses  iiicf-tiH^iiii:  muscu'  v.-  ti'ue,  so  that  when  the 
pyramidal  hhres  are  damaged,  as  by  a  h.iinorrhat,'e 
in  the  internal  caj>sule,  musv  ular  tone  is  increased 
and  a  spastic  hemiplegia  re-ults.  There  are.  liowever. 
other  descending  paths  open  to  this  cl.i-s  ot  impulses, 
some  i»f  them  cros^int^  in  the  cord. 

Ascr.NDi.M.  Tk.\cts.— The  dorsiil  and  ventral  ccrc- 
bdh'.r  tracts  pass  to  the  cereheHum,  and  are  practically 
uncrossed.  They  con\-ey,  amongst  other  thinLjs,  the 
so-called  kin;esthetic  sense,  com])os<.'d  of  sensations 
deri\-ed  from  joints,  muscles,  and  tendons,  to  the 
cerelK'llum.  and  so  keep  it  informed  of  the  position 
of  everv  joint,  and  the  state  of  contraction  of  every 

muscle. 

The  posterior  columns  (of  (ioll  and  Bunhich)  arc 
also  uncrossed  in  the  spinal  cord,  and  convey  tactile 
sense,  muscular  sense,  joint  sense,  and  so-called 
"  tactile  discrimination,"  by  which  we  determine 
whether  two  compass  points  are  sint^'Ie  or  double  ; 
the  sense  (stereo,i,mosis)  by  whicli  we  reci>t(nize  un.seen 
objects  1)V  the  feel  — as  on  juittini;  a  hand  into  a 
pocket  containiiiLi  coins,  keys,  a  penknite,  paper, 
etc. — also  travels  by  this  route. 

There  is  another  sensory  jKith  composed  of  relays 
of  nerve-cells  in  the  iirey  matter,  with  short  axons 
passing  up  to  a  slightly  higher  le\e!  either  in  or  close 
to  the  grey  matter.  For  the  most  part  impulses 
travelling  by  this  route  cross  the  cord,  usually  about 
six  segments  after  entering.     Heat,  c  ^Id,  and  pain 
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sensations  are  conducted  in  this  way  and  in  this  way 
only  ;    tactile  sense  can  take  eitln-r  this  j>ath  or  the 
more  diiect  rmite  l>y  tlie  jtosterior  columns. 
A  tumour  of  the  spinal  lord  :  — 

1.  May  allt'it  the  nerve-roots,  in  which  case  the 
symptoms  mav  be  conlinefl  to  those  roots. 

2.  May  jmss  on  one  siile  of  the  sj)inal  cord.  In 
this  case  tlieie  is  usually  pain  r.idiatinu,'  alon^  the 
nerve-roots  inx'olved  at  the  same  time,  wliich  is 
important   in   the  diagnosis. 

Let  us  take  the  case  of  a  tumour  in  the  left  lower 
cervical  area.     This  will  involve  : — 

(i).  The  aut-t'^iiii::  n^ols  of  the  hnar  cervical  nerves 
on  the  left  side,  cau-^inj,'  jtain,  dullinu  of  sensation, 
and  flaccid  parahsis  with  loss  of  relieves,  wasting, 
and  reaction  of  degeneration,  in  the  left  arm. 

(ii).  The  pyrumiddl,  rubrospinal  (iini  vesiihnlo- 
spDuil  tracls  on  the  left  side,  rausing  paralysis  of 
tlie  left  leg.  Inasmuch  as  the  pyramidal  and  rubro- 
spinal tracts  are  invohcd,  nmscular  tone  will  be 
greatly  increased  ;  the  impulses  leading  to  this 
increase  perha]«  descend  on  the  other  side  of  the 
cord.  There  will  le.  therefore,  rigidity  of  the  left 
leg  and  exaggerated  leflexes. 

(iii).  77/c'  ccrehellar  tracts  and  posterior  columns  of 
the  left  side,  causing  loss  of  muscle  and  joint  sense, 
and  loss  of  tactile  discrimination  and  recognition  of 
objects  on  the  left  side. 

(iv).  The  cliain  of  nerve-cJls  and  axons  by  which 
heat,  cold,  and  pain  travel  up  from  the  right  leg,  will 
also  be  pressed  upon. 

Tactile  sense  may  or  may  not  be  lost  in  either 
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lee,  as  a  dovible  patli,  the  one  crossed  and  tlie  other 
uncn^ssed,  is  open  to  it. 

TaHI-E   to    iLLlSTRATr.    THE    F.KriUTS   OF    A   TlMOlR 

OF  Tin:  LuFT  Lo\\t.k   Cf.kvkal  Kf.gion. 


liiiiht  Ann. 
Normal 


j  Li-/t  Arm. 

I  Pain.  Some  an.Tsthesia. 
i  I'lacciil  paralysis,  loss  of 
I  retle\es.  waslin^i. 


Loss   of   sense   of   heat, 
cold.  pam. 


I  Lc/t  Leg. 

Lnss  of  muscular  sense, 
.  joint   sense,   tactile  discri 
I  minationaml recognition  of 
j  objects.   Spastic  paralysis  ; 
,  exa^Keratcd  retle\es. 


3.  It  may  arise  in  the  central  grey  matter,  when  it 
becomes  inoperal»le.  In  this  case  there  will  be  loss 
of  the  heat,  cold,  and  pain  senses  on  l)oth  sides, 
but  tactile  and  muscular  sense  will  remain.  There 
may  be  some  spastic  paralysis  of  both  legs.  In  the 
early  stages  the  diagnosis  from  syringomyeHa  may 
be  only  a  matter  of  opinion. 

4.  In  some  cases  it  may  pnxluce  bilateral  spastic 
paralysis  with  involvement  of  the  sphincter  func- 
tions and  with  anasthesia  without  any  dissociation 
phenomena.     The  diagnosis  is  then  very  difficult. 

Kach  vi  the  thirty-one  ner^•e-rools  issuing  from 
the  spinal  cord  has  a  definite  distribution,  which  may 
be  motor,  sensory,  and  visceral,  and  these  have  now 
been  ascertained  with  some  accuracy  by  a  combina- 
tion of  anatomical,  physiological,  and  chnical 
methods.  As  given  in  the  various  textbooks  and 
monographs,  the  information  i<  a  good  deal  more 
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than  most  of  tis  can  carry  convenit'nlly  in  our 
memories.  It  is  hoped  that  the  hare  elenn-nts  set 
down  lt<'h)\v  may  l>e  lound  easier  to  rememln'r.  and 
adequate  for  most  purj)<»ses.  No  two  acci units  a^ree 
exactly. 

The  main  points  may  l^e  empliasized  first.  With 
rej,'ard  to  the  sensory  <hstrihntion,  there  is  a  f.;ood 
deal  of  oNcrlap,  especially  in  the  hand,  wliere  the 
se\enth  cervical  .s\ipplies  the  radial  half,  the  eighth 
cervical  the  inner  half,  and  the  first  dorsal  the  one 
and  a  lialf  hn^'ers  to  which  the  nlnar  nerve  mav  be 
traced.  The  tweKe  dorsal  nerves  supply  the  chest 
and  abdomen  in  bands  like  successive  strips  of 
plaster  stretched  round  the  body;  the  nipple  lies 
i)etween  the  fourth  and  hfth  dorsal,  antl  the  umbilicus 
between  the  ninth  and  tenth.  If  we  place  the  open 
hand  on  the  thif^h  just  below  and  parallel  to  I'oupart's 
ligament,  we  cover  the  first  lumbar  area  ;  the  next 
handbreadth  below  is  the  second  lumbar,  and  the 
next,  inchuliiig  the  region  of  the  patella,  is  tlie  third 
lumbar.  The  small  sciatic  ner\e  area  corresponds  to 
the  second  sacral. 

With  regard  to  motor  distribution,  the  fifth  cervical 
supplies  the  deltoid  +  biceps  +  supinator  longus  group, 
as  well  as  the  dorsal  scapular  muscles  and  rhomboids. 
In  infantile  jialsy  and  otlier  anterior  horn  or  nerve- 
root  affections,  these  muscles  may  be  found  jiaralysed 
and  atrojihied  in  company.  On  the  other  hand,  a 
fracture  of  the  sjMne  irritating  this  area  brings 
about  a  characteristic  position  of  the  amis  ^  .  The 
fust  dorsal  gives  off  sympathetic  branches  dilating 
the  pupil.     The  hand  and  toot  are  each  supplied  by 
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the   two   lowest    net'CH  eiiteiing   the   brachial   an<l 
sacral  plexust'S  lesix'ctivcly. 

The  anatomy  <>t  the  luml)o-^a<  ral  plexus  makes  it 
easy  to  rnmiuh.-  tliat  tlie  qua.lriccps  and  adductors 
must  he  supplied  from  the  lumbar  iH-r\ fs,  wliorcas  the 
hamstriuK^  a.ul  crural  nujscles  are  innervated  fr(.m 
the  sciatic  nerve.  There  is  a  general  tendency  for 
flexors  to  derive  their  ner\e  suj'plv  from  a  level 
sliK'htly  iH'low  that  for  the  extenx-r^.  It  is  easy  to 
see  why  this  sliovUd  I'e  the  ca>e  if  we  Klii"^"*-'  at  a 
.|uadruped.  where  the  flexors  are  ixisterior  to  the 
extensors. 

THE    EXACT    DIAGNOSIS    OF   INJURIES   OF   THE 
SPINAL     CORD. 
The  following  lesions  of  the  cord  may  \^.  responsible 
for  symptoms  of   paralysis  or  an;esthesia  after  an 

injurv  to  the  back. 

1.  Simple  concussion,  the  injuries  Ixjing  micro- 
scopical or  functional  only,  and  the  paralysis  transient. 

2.  Complete  division  of  all  the  nervous  elements. 
J.  Pressure  on  the  cord  due  to  lx)ne,  callus,  or  a 

foreign  body,  not  causing  a  total  transection. 

4.  Ha-morrhage  into  the  spinal  membranes. 

5.  Ha-morrhage  into  the  cord  itself. 

6.  Later  comi>lications  such  as  myelitis,  traumatic 
neurasthenia,  etc. 

This  is  not  the  place  to  consider  all  these  in  their 
?urgical  Ix-aring.  We  want  to  look  at  them  in 
relation  to  the  physiology  of  the  spinal  cord. 

A  total  transection  of  the  cord  in  man,  not  in 
_i-     ^A,..,*,.    .v-ofonndb'    tW    functions    of    the 
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segments  l)el(»\v  tlic  injury,  and  eitlier  from  the  first 
(ir  after  the  lapse  of  a  little  time  they  l<>se  their  reflex 
functions,  the  bladder  and  rectum  and  their  sjihincters 
become  paralysed,  and  the  effect  is  much  the  same 
as  it  would  have  been  if  the  isolated  portion  of  the 
cord  had  been  removed  in  tola.  In  animals,  the 
reflex  functions  persist. 

Considerable  difticulty  may  be  experienced  f>)r  a 
day  or  two  in  deciding?  whether  a  patient  is  suffering 
from  a  complete  division  of  the  cord  due  to  the  nip 
at  the  moment  of  fracturing  the  spine,  or  whether 
the  symptoms  are  due  merely  to  concussion.  In 
the  latter  case  a  few  days'  rest  will  effect  a  cure. 
Sometimes  one  can  get  a  hint  earlier.  If  tlie  distri- 
bution of  the  paralysis  does  not  correspond  with 
the  di>tributi(>n  of  the  anasthesia,  and  if  the  sym- 
ptoms are  asymmetrical,  it  is  probable  that  they  arc 
due  partly  at  least  to  ciMicussion.  In  either  case  it 
is  \ery  seldom  that  an>-  useful  purpose  will  be  served 
by  operating,  unless  the  injury  involves  the  cervical 
regicm  or  the  cauda  ecpiina. 

When  the  cord  is  involved,  but  has  not  suffered 
a  functional  transection,  the  j)aralysis  will  probably 
be  spastic  in  nature,  and  operation  is  more  hopeful 
because  there  may  be  something  exercising  injurious 
pressure  which  can  be  removed. 

Hamorrhage  into  the  spinal  membranes  produces 
pain  and  sjiasm  by  involving  the  i.>suing  nerve  roots. 
In  addition,  there  will  probably  be  some  evidence  of 
pressure  on  the  cord,  ])roducing  spastic  paralysis  and 
some  anaesthesia  below  the  lesion. 

Hivmorrhage  into  the  centre  of  the  cord  sometimes 
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abolislics  the  pain  and  temperature  senses  while 
tactile  sense  escapes.  There  will  probably  be  spastic 
paraplegia  as  well. 

It  will  not  be  necessary  to  refer  here  to  the  diagnosis 
of  the  later  complications,  such  as  myelitis  and  the 
various  neuroses. 

Unfortunately  the  central  nervous  system  is  so 
highly  specialized  that  it  has  lost  the  power  of 
regeneration  after  injury,  not  only  in  man  (unless  we 
accept  the  evidence  of  the  famous  Stewart- Harte 
case  !)  but  also  in  nearly  all  animals.  The  newt,  it 
is  true,  can  form  a  new  cord  if  its  tail  is  lopped  off. 
but  the  newt  has  marvellous  powers  of  regeneration, 
and  can  even  grow  a  new  lens  if  the  front  of  its  eye 
is  removed  ! 

REFERL       ES. 

ToRSTEK.— Zeilschri it  f.  .nthop'ad  Chi.ttn;i':    1908,  B<1.  xxii., 

Head  andThompson  — "  TheC'.roupin-  of  .\Herent  Impulses 
in  the  Spinal  Cord,"  brain,  lyoo,  p.  537. 
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CHAPTER   XI. 
CEREBRAL    LOCALIZATION. 

The  r.-iiis.uiuii  and  si«!iit'ic.inr<'  of  <iptic  iiriiritis— I.'X'.ili/atiitn 
in  the  rrn-hcUum.— Tiiiiiwiirs  in  the  cer<-btll..-i...ntiric  aiiglf. 
Localization  d  s<nsati"ii  in  tlic  ctri'l)r.ii  cirti-x  — FuiictiMns  of 
the  (rental  cortex.- Siiasticity.  —  Apr.ixia.— Aphasia— Misleading 
lucalizing  signs  of  cerebral   tumour.— The  cerebrospinal  lluid. 

IT  will  be  necessary  here  to  assume  that  the  reader 
has  an  ordinary  acfpiaintance  with  the  structure 
and  functions  of  the  brain.  We  shall  confine  our- 
selves to  a  brief  reference  to  the  most  important 
advances  of  the  past  decade  in  providing  evidence 
for  the  localization  of  tumours,  abscesses,  and 
traumatic  lesions,  and  therefore  for  their  successful 
treatment  by  operation. 

OPTIC    NEURITIS. 

It  has  long  been  in  iloubt  why  optic  neuritis  should 
develop  in  cases  of  cerebral  tumour.  It  has  lieen 
attributed  to  the  effects  of  chronic  meningitis,  and 
to  over-filling  of  the  third  ventricle,  with  consequent 
pressure  on  the  underlying  optic  chiasma.  It  is 
now  tlelinitely  established  by  the  experiments  of 
Gushing  and  Boidley,  and  confirmed  by  clinical 
experience,  that  it  is  a  pressure  effect.  The  growth 
of  the  neoplasm  causes  a  great  and  continued  rise 
of  intracranial  pressure  ;  this  tends  to  dam  back 
the  lymph  flow  returning  in  the  sheath  of  the  optic 
nerve.     The  usual  consetjuence  of  lymphatic  obstruc- 
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tion  is  produced,  namely,  feuematnus  swelling  of  the 
area  drained.  So  the  optic  cup  tills  up.  the  disc  is 
obscuied  by  transudate,  and  the  vessels  are  buried 
from  view  in  the  tedema  fluid.  All  this  may  be 
exactly  reproduced  by  intracranial  pressure  in  dogs, 
and  when  the  pressure  is  removed,  restitution  to 
normal  takes  place. 

Several  methods  of  raising  the  intracranial  pressure 
were  employed,  the  best  results  \mng  obtained  by 
the  insertion  of  spont';e-tent  material  inside  the 
skull.  Swelling  and  oedema  of  the  disc,  tortuosity 
of  the  veins,  and  over-distention  of  the  lymph- 
sheath  around  the  optic  nerve,  were  all  marked. 
Relief  of  the  pressure  rapidly  cured  them. 

Although  we  use  the  conventional  term  "  neuritis," 
the  histological  changes  are  not  those  of  inflammation. 
For  instance,  there  is  no  arterial  hypera.'mia,  and 
the  principal  infiltration  is  with  cells  of  connective 
tissue  origin,  not  leucocytes. 

Further,  it  ha-  been  stated  by  many  observers, 
and  recently  defended,  with  all  his  great  authority 
and  e.\perience.  by  Sir  Virtor  Horsley.  that  the  degree 
of  the  neuritis  in  the  two  eyes  is  a  most  reliable 
guide  as  to  the  side  of  the  tumour.  It  is  not  so  much 
the  amount  of  swelling  that  is  to  Ixj  taken  into 
account  as  the  age  and  extent  of  the  changes.  These 
nearly  always  commence  at  the  upper  nasal  quadrant 
of  the  disc.  Thus,  optic  neuritis  best  marked  in  the 
right  eye  is  of  great  value  in  p<iinting  to  a  right-sided 
tumour.  The  further  forwards  the  tumour,  the  more 
constant  does  this  rule  become. 

It  is  well  known  that  even  if  a  cerebral  tumour 
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cannot  be  localized,  jKillintive  trephininfj  sliouM  be 
performed  to  relieve  headache  and  save  the  sight. 
If  this  is  undertaken  early,  the  optic  neuritis  passes 
off.  As  the  tentorium  transmits  pressure  badly, 
the  trephining  should  be  in  the  temporal  region  for 
supratentorial  tumours,  and  in  the  occipital  region 
for  cerel)ellar  tumours. 

Another  valuable  observation  which  we  owe  to 
Gushing  is  that  raiseil  intracranial  pressure,  par- 
ticularly by  cerebral  tumou*-,  induces  a  considerable 
limitation  of  the  field  of  vision  for  blue  ;  indeed, 
there  may  be  actual  blue-blindness. 

THE     CEREBELLUM. 

\Vc  have  l>een  in  iwpent  need  of  some  improvement 
in  our  me.ms  of  localizing  tumoms  ai!-.!  abscesses 
in  the  cerebellum.  It  remains  to  be  seen  how  far 
the  fresh  light  recently  thrown  on  the  subject  and 
lierein  set  forth  will  help  us  to  obtain  materially 
better  results.  During  the  past  ten  years,  at  the 
Bristol  Ko\al  Intirmary  there  have  been  eight  cases 
of  temporo-sjihenoiilal  abscess,  all  of  which  have 
been  successfully  diagnosed,  and  ten  cases  of  cere- 
bellar abscess,  of  which  only  three  were  correctly 
located  ;  in  three  of  these  ten  cases  the  cerebrum 
was  rxjilon'd  in  vain,  and  in  two  the  lateral  sinus 
was  thought  to  be  the  cause  of  the  symptoms. 

Sir  Victor  Horsley  and  K.  H.  Clarke  have  recently 
revised  our  knowledge  of  the  functions  and  relation- 
ships of  the  cerebellum  by  an  ingenitms  method. 
Reconstructions  of  a  monkey's  heail  have  been  made 
by  cutting  frozen  sections  and  then   piecing  them 
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to.^ether  again  ;  by  this  means  it  was  iH)ssible  to 
Imild  a  frame  of  metal  to  tit  alMuit  the  head  of  a 
hving  monkey,  cairying  an  insulated  needle  which 
could  be  thni-t,  through  a  small  trephitie  h(.le,  into 
any  desired  portion  of  the  cerebellum,  its  cortex, 
or  its  deep  nuclei  (roof  nuclei),  the  exact  i)osition  of 
the  poi-  of  the  needle  having  l)een  tletermined  by 
a  study  of  the  liead  recon>tructed  from  the  frozen 
sections.  By  this  means  various  j)arts  could  be 
stimulated  electrically  without  <lning  any  but  the 
slightest  damage  to  tlie  overlying  structures  ;  more- 
over, by  passing  in  a  strong  current  and  using  a 
double  needle  shielded  nearly  to  the  points,  small 
electrolvtic  lesions  either  of  the  cortex  or  of  the 
roof  nucleus  c  uld  be  made,  and  the  resulting 
degenerations  studied  by  suitable  staining  some 
weeks  afterwards. 

The  general  result  was  to  prove  that  the  cortex 
cerebelli  is  a  receiving  platform,  and  that  its  axons 
merely  pass  to  the  roof  nuclei,  from  which  the  efferent 
tracts  start.  Stimulation  of  the  cerebellar  cortex  by 
ordinary  currents  produces  no  obvious  response; 
stimulation  of  the  roof  nuclei  causes  movements  of 
the  eyes  and  sometimes  of  the  lind)s.  We  see  here 
the  reason  why  laterally  situated  tumours  or  abscesses 
he  so  quiet. 

The  classic  signs  of  a  le>ion  of  the  cerel)ellum, 
determined  both  by  physiologists  and  by  clinicians, 
are  the  following  : — 

(i)  Ataxia;  (2)  Atonia;  (.;)  Asthenia;  j^-,.  Tremor; 
tlicse  ail  affect  the  same  side  as  the  lesion.  (5) 
Nystagmus  ;    (6)  Vertigo. 
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1.  Aliixid. — This,  one  of  the  most  constant  signs, 
is  ea>ily  dettrted  if  tlie  patient  is  able  to  walk. 
When  he  is  in  bed,  it  may  l)e  brought  out  by  making 
him  try  to  pronate  and  supinate  rapidly  for  a  minute 
or  two  ;  or  to  make  and  unmake  a  fist  <iuickly,  over 
and  over  again.  This  -ign  is  the  more  convincing 
if  it  is  unilateral. 

2.  Atonia  is  \ery  variable  ;  the  knee-jerks  may 
be  absent,  normal,  or  e.xcessive.  ami  may  change 
day  by  day. 

Thielc  and  others  have  proved  that  the  great 
increase  of  tone  noticed  in  man  or  animals  after 
lesions  involving  the  pyramidal  and  other  long 
descending  tracts  dei)ends  on  the  integrity  of  Deiter's 
nucleus.  This  lies  just  at  the  junction  of  the  pons 
and  medulla,  beneath  the  outer  part  of  the  floor  of 
the  fourth  ventricle,  and  therefore  in  close  relation 
to  the  cerebellum.  If  it  is  destroyed,  or  if  it  is  cut 
off  from  influencing  the  spinal  cord  by  a  complete 
transverse  division  below  Deiter's  nucleus,  the 
spasticity  and  increaseil  reflexes  which  ordinarily 
follow  lesions  of  the  mot(jr  paths  will  fail  to  develop. 

Some  cerebellar  abscesses  and  tumours  press  on 
the  pyramids  (abo\e  their  decussation)  but  not  on 
Deiter's  nucleus.  These  cause  increase  of  tone  on 
the  opposite  side.  Others  {lestrt)y  Deiter's  nucleus, 
and  cause  loss  of  tone  on  the  same  side.  Others  do 
not  involve  either,  and  tone  may  be  normal,  or  a 
little  increased  on  the  same  side  as  the  lesion. 

3.  Asthoiia  may  be  evidenced  by  weakening  of  the 
grip,  tendency  to  fall,  or  drooping  of  the  head  on  the 
affected  side.     It  is  not  verv  constant. 
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4.  Tremor  is  only  occasionally  in  evidence. 

5.  ^'\■slil^nlus.—'Y\w6e  curious  jeikin<,'s  of  the  eyes 
are  of  consi  '<Tal)le  importance  in  the  diat^nosis^of 
cerebellar  affect i.'is,  because,  altliout^h  seen  in'such 
conditions  as  disseiiMnated  sclerosis,  they  are  very 
unusual  with  localized  intracranial  tumours.  I'n- 
fortunately  they  are  i.ot  constantly  present  even 
when  the  lesion  is  in  tin  cerebellum,  and.  on  the 
other  hand,  are  usually  t>  be  observe*!  in  patients 
with  disease  of  the  labyr  nth  (vestibule  and  semi- 
circular canals).  Seeing  t!iat  most  cases  of  cerel)ellar 
abscess  follow  otitis  media,  it  has  l)een  very  difticult 
to  be  certain,  in  the  past,  whether  any  nystagmus 
in  a  patient  with  a  suppurating  ear  was  due  to  the 
labyrinth,  or  the  cerel)ellum.  or  both. 

Biirany.  of  \ienna,  has  shown  that  it  is  possible 
to  induce  nystagmus  in  a  normal  i-)erson  by  stimulat- 
ing the  labyrinth.  This  may  lie  done  either  by 
rotating  the  patient,  or  by  allowing  hot  or  cold  (not 
tepid)  water  to  trickle  in  as  far  as  the  membrana 
tympani.  Hot  water  in  the  right  ear  causes  a 
nystagmus  in  which  the  eyes  slowly  turn  to  the  left 
and  are  corrected  by  rapid  jerkings  to  the  right  ; 
with  cold  water  the  rapid  jerkings  would  l)e  to  the 

left. 

If  a  patient  with  a  suppurating  car  has  nystagmus, 
and  it  is  desired  to  know  whether  this  is  due  to 
affection  of  the  labyrinth  or  of  the  cerelxillum.  hot 
or  cold  water  should  W  injected  to  see  if  the  nystagmus 
can  be  reversed  in  direction.  If  it  can.  the  labyrinth 
cannot  be  at  fault  ;    it  must  be  the  cerel)ellum. 

Again,  a  patient  with  severe  vertigo  following  on 
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otitis  media  may  I'O  snllViiii^  froin_  laliyiintliitis  or 
fmni  ciTcbfllar  al)s«i-s.  If  inji-ctioii  causes  no 
nystaf;nuis,  the  labyiiiitli  is  di'stioye*!. 

TUMOURS    IN    THE    CEREBELLO-PONTINE 
ANGLIi. 

Tliis  is  a  \eiv  coiimmn  local ii mi  for  cerebellar 
tuniours,  and  a  coiiijiaratively  favourable  one  fur 
surgery,  sceiii},'  that  in  many  instances  the  },Md\vth 
is  sim|>le,  and  can  be  enucleated  withoiit  recurrence. 
Allen  Starr  fmds  in  the  literature  sixty-nine  cases 
cured  by  lenioval.  In  many  of  these  there  was 
restoration  to  ijotid,  in  some  to  jierlect,  health. 
Diagnosis,  therctore.  liecomes  peculiarly  inij)ortant. 

In  a<ldition  to  the  sif^ns  mentioned  above,  certain 
nerve-ioot  vymjitom>  may  develop,  and  the  pons  may 
le  pressed  on.      Mental   tmuble  is  (piite  unusual. 

\\c  ma\-  tla>sily  the  esidcnce  as  follows  :  — 

1.  Conrid  :  hcadadu',  vomitinf,',  optic  neuritis, 
slow  jnilse,  blue-blindness,  ptrhaps  convulsions. 

2.  Ccnhilhir  si;^iis  :  statri^erin^,  \ertigo.  ataxia, 
weakness,  tremor,  and  perhaps  absent  knee-jerk; 
these  may  be  imilateral,  on  the  same  side  as  the 
growth.     Nysta,L;nms. 

].  Xt-rvr-roct  svntploms  affecting  tlie  same  side  : 
pressure  on  the  fifth,  witli  corneal  an;esthesia  and 
loss  of  reflex,  and  weakness  of  jaw  muscles  ;  pressure 
on  the  si.xth,  with  internal  strabismus:  j)ressure  on 
the  seventh,  with  fari.,1  weakness  ;  pressure  on  the 
eighth,  with  tinnitus,  loss  of  perception  for  upi)er 
notes  (testeil  bv  dalton's  whistle),  or  absolute  deaf- 
ness ;    jMes-ine  on   the   ninth,   ten"';,  and  elexenth. 


'i 


I    ,  i: 


CEIlEimAL    LOCALIZATION 


157 


with  (Ivsphaqia,  laiytmeal  pal-y.  cardiac  attacks, 
etc.  ;  i>n'>sui(>  oil  the  twclftli.  with  deviation  of 
the  jM-otruded  tongue.  Ot  these,  tlie  facial  and 
auditory  nerves  are  in<'>t  ottni  affected,  there  being 
complete  unilateral  deafne>s  in  most  of  the  cases. 
In  cerelM-llar  tumours  these  two  nerves  may  be 
interfered  with,  but  not  to  any  considerable  degree. 
4.  Pressure  on  the  pons,  causint:  crossed  hemiplegia 
weakness,  with  exaggerated  retlexes  and  extensor 
response.  The  cases  may  live  for  years,  but  there 
is  a  liability  to  sudden  deatli  by  crowding  of  the 
cetelx'lhun  ilown  through  the  foramen  magnum. 

LOCALIZATION  OF  SHNSATION  IN  THE 
CEREBRAL  CORTEX. 

Hi:.\RiNG.— Although  it  is  certain  that  monkeys 
which  have  suffere<l  bilateral  removal  of  the  temporal 
cortex  give  e\er\-  evidence  that  they  can  hear,  it  is 
veiy  difficult  to  be  certain  that  sounds  are  still 
appreciated  in  consciousness  by  them,  and  recognized 
fur  what  they  signify-.  It  is  no  more  evidence  of 
conscious  hearing  that  a  monkey  looks  nnmd  when 
a  bell  sounds,  than  it  is  of  conscious  pain  that  a  man 
with  a  fractured  spine  withdraws  a  foot  pricked  by 
a  pin. 

At  any  rate,  there  is  a  fair  amount  of  evidence, 
both  anatomical  and  clinical,  to  locate  this  function 
in  the  temporal  region,  and  none  to  locate  it  else- 
where. The  most  con\  incing  observation  on  record 
was  made  by  Gushing,  who  stimulated  the  exposed 
temporal  cortex  in  a  conscious  man.  and  the  patient 
said  tliat  lie  noticed  a  buzzing  noise. 
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Vision.— Thtif  i>  abundant  cvitlence  that  visual 
sensations  au-  receiv'-d  on  the  nu-sial  surfaces  of  the 
occipital  IoIh's,  just  above  and  just  below  the 
calcaiine  tis>\ne.  Hi->tol()ciiallv.  the  area  is  mapi^ed 
..ut  by  the  white  line  .'1  (.ennari  :  it  barely  encroaches 
posteriorly  on  the  convexitv  <'f  the  heniisphere. 

The  left  half  of  ea(  h  retina  is  represented  in  the 
left  cerebral  cortex,  an.l  the  ri^ht  half  of  each  retina 
in  the  rii^ht  ( ort.x.  \hv  fovea  centralis  of  each  eye 
has  a  bilateial  iepre>entati..n.  Ihe  upper  half  of  each 
retina  is  ]>ro)e.  ud  above  ihe  calcarinc  h^Mire  ;  the 
lower  halt  of  each  retina  below  tlie  tissure.  Therefore 
a  tuinnur  of  the  left  crtex  above  the  calcarinc 
fi.-suie  wouM  len.ler  the  ui'per  left  (piadrant  of  each 
eye  psvchi.  ally  blind,  and  the  patient  would  Ix; 
unal'le  to  see  (-bjccts  downwanl-.  and  to  his  rii^ht. 

A  ^-ni.illcr  If-ion,  ho\\t\er,  does  not  produce  a 
smaller  patch  ol  blin(hu->  :  it  merely  reduc-s  the 
visual   acuity  over   the  whole  ol   the  corresponding 

(luadrant. 

Cri AMOis  Si  NsATioN.-  Tliere  is  some  evidence 
that  the  coilical  rei.resentatinn  of  heat,  cold,  pain, 
and  tactile  sense  is  identical.  l'..s>ibly  muscular 
sense  has  a  somewhat  ditlerent  location. 

It  is  universally  a,i,'rei<l  that  the  main  receiving 
l)latf(«rm  for  cutaneous  sensation  is  situated  m  the 
l)OStcciitral  (ascending'  ].arielab  ,t:yrus.  just  behind  the 
fissure  of  Rolando,  and  that  the  general  arrangement 
is  the  same  a>  that  of  the  motor  centres  ;  thus,  the 
sensory  centre  for  the  le.u  is  nearest  the  vertex. 
opp«.site  the  .Migin  <.f  the  pyramidal  hbres  for  the 
leg  ;  next  come  the  arm  centres,  and  lowest  of  all 
tliose  for  the  face  and  liead. 
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The  localization  in  tin-  limbic  lobf  onci-  advocated 
by  SchiiftT  and  others  followinf,'  him.  has  now  In-en 
piven  up,  c\.n  by  its  author.  Doubt  still  remains, 
however,  whether  the  precentral  or  motor  cortex 
takes  any  share  in  appreciatui^  cutaneous  sensation. 
If  so,  it  is«piite  seron«lary  to  th.'  jnirt  played  by  the 
postcentral  rt)nvolntion. 

It  is  very  dithcult  to  be  sure  to  wli.  extent 
animals  feel  after  the  removal  of  >mall  parts  r>f 
eitlier  tlie  postcentral  or  i)recentral  convolutions, 
and  very  diverse  views  have  beer,  xpressed  ;  it  is 
(piite  certain  that  a  small  le>ion  do»-  lot  intluce  com- 
plete an;esthe>ia.  It  is  probably  wiser  to  put  faith 
principally  in  the  hutuan  I'idence  on  such  a  subject. 
It  is  abundantly  proved  that  lesions  mvolviuf,'  the 
nscendinj;  parietal  conv(»lution  almost  always  cau>e 
a  certain  det^ree  ^^l  interference  with  sensatit)n,  never 
amounting  to  a  comj>lete  hemian.-esthcsia.  which, 
indeed,  occurs  only  in  hysteria,  or  very  transitorily 
after  an  aj)oj)lectic  stroke.  Herijmark  (juotes  thirty- 
three  cases  of  lesions  of  this  },'yrus  with  sensory 
symptoms  but  no  paralysis. 

Cushing  excited  the  postcentral  convolution  in 
two  conscious  patients  wIjo  had  previously  l)een 
trephined,  by  unipolar  faradic  stimulation.  He 
found  that  the  brain  itself  was  devoid  of  any  sort 
of  feeling,  but  that  sensations  of  stroking,  tingling, 
or  warmth  were  produced,  referred  to  the  hand  of 
the  opposite  side.  The  sensation  was  <iuite  well 
defined  and  localized  ;  <^nc  area  corre>pon(l«  1  to  the 
index  fmger,  and  another  to  the  back  of  the  hand. 
When  the  electrode  was  applied  in  front  of  the  fissure 


160 


CKKKIIMAL     LOCALI/ATION 


(.[  Kc.lando  it)str;i.!  <'l  l.rliiixl.  the  (m^'fr>  <>r  hand 
iiK.vr.l.  but  tluTC  \v.i>  no  Mii'-atinii.  An  inri>i<)n  in 
(he  jM.stcrntral  ( nMVnhiiiun  \\a>  «iuitf  pau^ll•■^s.  ami 
laUM-il  some  nnnil'iu-^s  of  all  foiuH  cf  sen.-ation  in 

tlic  liaufl. 

It    i-,    iimic    (liltidilt    to    be    (crtain    wlictlH-r    tin- 
aMcti(lni}4  ticntal  ni  ni«'ti'i  cniiNolution  ha-,  also  anv 
M'n>oiv  lunrtion  :   ii  «».  it  i-  U'->  <.b\i(.»is  than  in  tli<- 
cast'    t'f     th'"     |H,-ti  fiitial     rnnvolution.       Naturally 
occuninp,'  lt"^i"ns  lniiil«(l  t.>  tlu'  front  of  the  fisMiR-  of 
Kolantlo.  an.l .  artfully  stuilii-.l  U-foic  an-l  after  death, 
are    lair,    and    the    cn  idcnt  e    is    cnnthctiiii,' ;     some 
sliowed  i)aralv>i>  but  no  s«-nsoiy  lo>>.  wheieas  others 
had    both    nioti.r   and   sensory   impairment.     Many 
years  a,uo,  befon-  it  was  realized  tliat  the  convolutions 
in  fiont  of  and  behind  the  hssure  (.f  Kolan<lo  dillered 
in  function,  Kansom  and  also  l.aycock  observed  that 
a  tinqlinir  sensation  was  eliciteil  when  they  stimulate<l 
thecAix'^ed  cortex  in  a  conscious  man,  and  apparently 
they    both    applied    the   electrodes    in    front    of   the 
fissure;    ("n>hing  and  others  have  failed  to  confirm 
this.     ReceiUly  Sir  \ictor  Ih-rsley  has  publidie<l  an 
account  of  the  only  case  in  which  he  has  removed  a 
cortical    centre    (part    of    the    hand    area)    without 
encroachinf;  u]m>u  the  asiendin.t;  parietal  gyrus  (for 
athetosi>).     Innnediately   after   the   ojx-ration   there 
was  complete  tiaccid  paralysis  of  the  arm,  and  some 
interference  with  sensation.     The  hand  could  detect 
cold,  but  not  wannth,  stroking  wi'h  a  wool  jiencil  was 
not  felt  on  the  unpial  phalanges,  there  were  inaccuracy 
of  location  of  pain  and  touch,  loss  of  the  sense  of 
l-H)sition,  and  objecl>  piaced  in  the  liand  were  not 
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recognized  by  touch  (astcreognosis).  A  year  later, 
movement  was  recovered,  except  for  some  spastic 
paralysis  in  the  two  ulnar  fingers  ;  there  were  still 
astereognosis,  inaccuracy  of  lf)cation.  and  slight 
dulling  of  sensation  over  the  ulnar  border  of  the 
hand.  If  the  lesion  had  involve<l  the  jMotcentral 
convolution,  the  sensory  SNTiiptoms.  in  his  exjierience, 
would  have  Ijeen  mach  more  marked.  The  athetosis 
was  cur»^l. 

Interference  with  sensation  is  of  course  no  prtK>f 
that  a  cerebral  tumour  is  in  the  cortex  ;  it  may  l;e 
found  with  a  lesion  of  the  optic  thalamus,  internal 
capsule,  isthmus.  i>ons,  or  medulla.  In  twenty-six 
cases  of  hemiplegia  due  to  some  trouble  m  the  internal 
capsule.  Bergmark  found  evidence  of  sonsory  im- 
pairment in  all  who  were  intelligent  enough  to  be 
tested  with  accuracy  by  modern  methods,  although 
there  was  never  complete  hemianasthesia  to  all  forms 
of  stimuli. 


FUNCTIONS  OF  THE  FRONTAL  CORTEX: 

It  is  well  known,  of  course,  that  the  great  motor 
centres  are  limited  to  the  ascending  frontal  or  pre- 
central  convolution.  This  has  l)een  abundantly 
proved  by  many  methods  :  by  the  study  of  paralysis 
following  localized  lesions  in  man  or  removals  in 
man  or  af)es  ;  by  electrical  stimulation  in  man  and 
apes  ;  and  histologically,  by  the  limitation  to  this 
region  of  the  giant  pyramidal  or  Bctz  cells,  which  are 
the  only  cells  to  undergo  chromatolysis  when  the 
pyramidal  tracts  are  destroyed  in  the  spinal  cord. 

It  often  becomes  of  great  importance  to  the  surgeon 
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to  know  whether  a  tumour  causing  hemiplegia  is 
accessible,  cither  in  the  cortex  or  close  beneath  it, 
or  inaccessible,  in  the  internal  capsule  or  isthmus. 
The  principal  evidences  of  the  former  are  the  occur- 
rence  of   monoplegias,  the  face,  arm,  or  leg   l)eing 
affected  alone  without  the  others,  whereas  lesions  of 
the    internal    capsule    would    paralyse    all    three  ;* 
secondly,  persistent  aphasia  may  Ix;  present  ;    and 
thirdly,   there  may  Ix;  recinring  convulsions.     The 
degree  of  sensory  impairment  is  not  of  much  assistance. 
There  is  a  good  deal  of  evidence  that  if  the  paralysis 
is  of  a   flaccid    type,    the   lesion   is   most   probably 
cortical,  though  the  converse  is  not  necessarily  true. 
Thiele  has   demonstrated   in   animals   that    tone   is 
increased  by  impulses  from  Deiter's  nucleus  in  the 
medulla,  and  inhibited  by  impulses  generated  in  the 
optic  thalamus  and   conducted   by  the  rubrospinal 
tract   (Monakow's  bundle).     It   is  this  tract   which 
subserves  the  stock  movements  such  as  standing  and 
walking,  which  can  often  l>e  carried  out  after  complete 
destruction    of    the    pyramidal    tract.     In    man,    a 
cortical  lesion  is  often  (not  always)  accompanied  by 
a  flaccid  paralysis  with  no  Babinski  sign  and  with 
normal  or  diminished  reflexes  (see  cases  quoted  by 
Bergmark),  but  when  the  optic  thalamus  and  internal 
caj)sule  are  involved,  there  is  always  marked  rigidity. 
Pressure  on   the  isthmus,  {xms,  medulla,  or  spinal 
cord  will  probably  damage  the  rubrospinal  tract  as 
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•  In  nviikrvs  the  tihrps  to  the  head,  .iriu,  and  leg  are  RTouped 
m  biiiulNs  111  the  iiiti'iii.il  capsiilf,  but  .ippartiitly  this  is  nut  the 
case  111  ii;.iii.  .md  Conseijueiitly  smalt  lesions  cause  mild  hemiple^a, 
not  moni)pk>'ia. 
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well  as  the  adjacent  pyram>  tracts,  and  so  set 
up  spasticity,  unless  the  whow  c  )rd  is  functionally 
divided,  in  which  case  impulse^  descending  from 
Deiter's  nucleus  (possibly  in  the  vestibulospinal 
tract),  are  also  cut  off.  and  a  flaccid  paralysis 
results. 

It  is,  however,  true  that  irritation  of  the  cortex, 
siich  as  may  be  present  just  after  a  traumatic  lesion, 
or  during  the  growth  of  a  tumour,  may  cause  early 
contracture,  so  we  should  regard  the  presence  of 
rigidity  as  an  etjuivocal  sign,  but  absence  of  rigidity 
as  evidence  of  a  cortical  lesion. 

The  frontal  cortex  lying  in  front  of  the  motor  region 
is  descril)ed  as  a  "  silent  area."  and  extensive 
tumours,  degenerations,  or  injury  may  produce  few 
or  no  symptoms.  In  a  case  under  the  writer's  care 
a  wound  one  inch  deep  into  the  brain  caused  by  a 
chopj)er.  from  the  vertex  to  the  nose,  made  abs(jlutely 
no  difference  to  the  woman's  character,  capacity, 
or  intelligence,  and  indeed  produced  no  symptoms 
at  all  beyond  concussion,  although  she  was  under 
observation  for  many  months.  In  the  famous 
American  crowbar  case,  where  a  large  part  of  the 
frontal  cortex  on  both  sides  was  destroyed,  there  was 
no  paralysis,  but  on  returning  to  work  the  man, 
previously  a  capable  foreman,  had  lx?come  weak, 
vacillating,  inattentive,  and  profane.  There  are 
quite  commonly  signs  of  mental  dullness  in  patients 
with  frontal  lesions.  In  cats  there  are,  after  excisions 
of  the  frontal  cortex,  changes  in  th'^  disposition, 
and  recently  acquired  tricks  may  be  lost 
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APRAXIA. 

Mere  definite  evidence,  however,  is  now  available. 
There  are  a  number  of  carefully  studied  cases  on 
record  in  which,  with  no  actual  paralysis,  there  has 
been  a  remarkable  clumsiness  in  the  y>erformance  of 
movements  requiring  any  skill,   and   in   which  the 
patient  has  l)e*n  (]uite  unable  to  make  some  movement 
voluntarily  or  in  response  to  command,  although  he 
may  unconsciously  do  that   very   tiling  under  the 
influence  of  emotion  or  by  accident.     This  condition 
is  called  apraxia.     It  is  most  convincing  when  it  is 
unilateral.     Thus,  a  musician  may  lose  the  power  of 
playing  his  instrument,  or  the  clerk  his  power  of 
writing.     In  Liejimann's  classic  case,  one  of  the  first 
to  be  describeil,  there  was  apraxia  of  th."  right  arm 
and  leg.     "  Asked  to  put  his  right  forefinger  on  his 
nose,  lu'  said.  "  Yes,'  and  with  his  stretched  forefinger 
executed  uide  cncUng  movements  in  the  air.     He 
made  th(^  correct  movement  at  once  with  his  left 
hand.     Asked   to  close   his   right   hand   into   a   fist, 
he  performed  various  absurd  movements  of  his  ann 
and  budv.  but  attained  the  required  goal  at  once  with 
his  left   hand.     When   asked  tt>  give  the  examiner 
a  certain  object  with  his  right  hand,  he  frequently 
picked  up  the  wrong  thing,  and  still  holding  it  in 
his  hand,  used  the  left  to  take  up  the  required  object 
and  inesent  it  to  th.  physician."     A  patient  of  de 
Buck's,  asked  to  lift  her  right  arm,  crossed  it  over 
her  body,  put  it  in  her  left  axilla,  and  after  making 
various  other  vigorous  but  futile  efforts,  said  plain- 
tively.  "  Je  comprends    bien  ce  que  vous  voulez. 
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mais  je  ne  parviens  pcts  i  le  faire  "  :  this  just  expresses 
the  condition. 

In  some  of  the  cases,  there  is  imiMirfect  recognition 
of  objects  or  of  their  usas  (agnosia),  but  these  are 
comphcated  and  caiinot  be  described  here. 

It  is  an  important  fact  that  apraxia  of  the  left 
arm  is  common  in  right  hemiplegics.  whereas  apraxia 
of  the  right  arm  rarely  occurs  in  left  hemiplegics  ; 
moreover,  in  the  cases  where  there  are  apraxia  of  the 
left  side  and  hemiplegia  of  the  right,  there  is  evidence 
that  the  lesion  is  cortical,  not  in  the  internal  capsule. 
Tims  Liepmann  examined  eighty-three  hemiplegir 
patients,  with  these  results  :  — 

Forty-two  had  left  Ixemiplegia  ;  they  coul<l  nearly 
all  olxjv  directions  with  the  right  arm. 

Forty-one  had  right  hemiplegi  i  ;  of  these  20  had 
apraxia  of  the  left  arm,  and  14  in  this  group  also 
had  aphasia  ;  21  had  no  apraxia,  anr'  of  these  only 
4  had  aphasia  (in  most  of  the  other  17  cases,  th*- 
lesion  was  probably  in  the  internal  capsule). 

Of  course,  as  left-handed  persons  form  one-twentieth 
of  the  community,  it  is  possible  to  find  a  few  cises  of 
left  hemiplegia  with  right  apraxia. 

There  is  good  ground,  then,  for  believing  that  the 
centres  which  consciously  iniluite  voluntary  move- 
ments for  Iwth  sides  of  the  lx)dy  are  limited  to  the 
left  cortex  in  right-handed  people,  and  that  the  pre- 
central  convolutions  are  merely  the  departure 
platforms  for  messages  fn  m  the  brain  to  the  cord. 
Instructions  are  sent  to  the  right  precentral  convolu- 
tion by  way  of  the  corpus  callosum.  It  is  still  in 
doubt  whether  the  above-mentioned  initiating  centre 
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is  in  the  left  precentral  pynis,  or  whether  it  lie*;  in 
front  of  this,  in  the  first  and  seconcl  frontal  convolu- 
tions, as  most  neurolof^ists  maintain.  It  is  quite 
certain  that  a  lesion  of  the  front  part  of  the  corpus 
callosum  is  characterized  by  apraxia  of  the  left  arm  ; 
this  important  discovery  may  well  lead  to  successful 
surpical  removal  of  tumours  there  situated.  A  lesion 
in  the  left  frontal  cortex  may  cause  apraxia  of  both 
arms  ;  there  will  probably  be  right  heiniplej^'ia  as 
well,  which  would  mask  the  condition  in  the  right  arm. 
To  Sinn  up,  a  lesion  is  cortical  if  there  are  present  :  — 

1.  A  monoplegia. 

2.  Hemiplegia  with  either  (i)  .\pluisia  which 
jK-rsists  ;  (ii)  Kecurring  convulsions  ;  (iii)  Flac- 
cidity  ;    (iv)  Apraxia  of  the  opp<>>ite  side. 

Left-sided  apraxia  without  hemiplegia  indicates  a 
lesion  of  the  corpus  callosum. 

APHASIA. 

The  various  types  of  aphasia  have  always  presented 
problems  of  great  complexity  but  of  great  interest. 
Recent  stu<lies  of  the  subject  have  been  very  revolu- 
tionary in  their  tendency.  We  used  to  learn  that 
there  were  three  great  centres  for  the  appreciation 
and  utterance  of  language,  namely  : — 

1.  The  motor  centre,  controlling  utterance,  in 
BrcKa's  convolution  (the  third  left  frontal). 

2.  The  aiuiitorx  u-ord  centre,  appreciating  spoken 
language,  in  the  posterior  part  of  the  second  left 
temporal  convolution.  This  was  also  ret,'arded  as 
dominating  ami  being  necessary  for  the  activity  of 
the  other  two  centres. 
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3.  The  visual  word  centre,  appreciating  written 
language,  in  the  left  angular  gyrus.  l)eliind  and  above 
the  auditory  word  centre. 

Now,  however,  the  searching  analyses  of  Marie  and 
his  pupils  have  raised  very  grave  doubts  alx)ut  the 
first  and  third  of  the  above,  and  many  neurologists 
have  agreed  that  Broca's  convolution  has  no  >{)eech 
function  at  all  ;  very  few  now  defend  the  existence  of 
a  separate  visual  word  centre. 

BrieHy,  the  contention  of  Marie  and  Moutier  may 
be  put  thus.  Between  iSbi  and  190').  there  have 
been  published  .504  cases  of  aphasia  with  autopsy. 
Of  these  201  were  useless  and  103  were  relevant. 
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The  majority  even  n{  the  nineteen  cases  allowed 
by  these  writers  they  consider  to  be  inconclasive 
for  various  reasons. 

Two  cases  of  Burckliart's  are  of  sufficient  surgical 
interest  to  be  worth  quoting.  In  the  first,  he  removed 
5  grams  of  grey  matter  from  the  foot  of  the  first  and 
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sernnd  left  tem[X)ral  f^yrJ.  '"it  no  word-deafness 
resulted.  ICif^'ht  months  later  he  resected  the  cap 
and  foot  of  the  left  third  fiontal  gyrus  (Broca's 
convolution),  but  no  aphasia  followed.  In  the  second 
case  he  resected,  in  several  oj)erations,  the  left 
supraniarginal,  temporal,  and  third  frontal  gvri,  but 
he  failed  to  induce  any  >|)fech  defect.  The  patients 
were  demented,  with  verbal  tk-lusions  and  lugorrluea. 

Maiie  maintains  further  that  all  patients  with 
aphasia  are  mentally  delicient  ;  thu>,  the  rook  can 
no  longer  comi>ound  an  omelette,  and  the  pianist 
can  no  longer  nlav  the  piano.  He  locates  all  the 
S|)eech  functions  difiusely  in  llu  left  temporo- 
parietai  region,  maintaining  that  this  is  merely  a 
region  of  intelligence  si)ecialized  for  language,  and 
not  a  storehouse  of  sensory  images  ;  a  nnld  lesion 
destroys  the  function  last  ac<juired,  vi/.  reading, 
and  a  .-e\erei  le>ion  pioduces  loss  of  voluntary 
sjKJCch  and  of  recognition  of  spoken  language  as  well. 
What  Marie  <  alls  "  anarthria  " — a  word  previously 
u-ed  in  another  sense- meaning  loss  of  the  jwjwer  to 
utter  speech,  although  the  individual  can  say  the 
wor<lh  o\er  to  himself,  is  due  to  a  lesion  in  "  the 
quadrilateial,  "  b(mn<led  in  front  and  l)ehind  by  the 
anterior  and  jx'steiior  limiting  sulci  of  the  island  of 
Keil.  internally  by  the  wall  of  the  lateral  ventricle, 
and  e.xternally  by  the  surface  of  the  island  of  Keil. 
In  niost  cases  of  :-o-called  iiioca's  aphasia,  both  the 
tenijHjral  cortex  and  the  "  quadnlateral  "  are 
injured. 

Defenders  of  the  classical  view,  Dejerine  in  par- 
ticular, have  replied  by  advancing  fresh  cases  with 
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a  lesion  in  Broca's  pyrus  with  aphasia  resulting  ; 
they  contend  that  Marie  s  "  {juadrilateral  "  contains 
the  projection  fibres  of  the  third  frontal  convolution, 
which  in  their  view  explains  the  anarthria  ;  and  they 
maintain  that  most  of  the  hfty-seven  cases  of  aphasia 
in  which  Broca's  convolution  was  intact  were 
associated  with  much  defict  in  understanding 
languaj^'e  spoken  or  written,  and  that  the  lesion  was 
one  of  the  dominant  auditory  word  centre  in  the 
tem{>oral  lobe,  without  which  Broca's  convolution 
cannot  work. 

If  it  wtie  proved  that  in  cases  of  apraxia,  previously 
referred  to,  the  lesion  was  in  the  first  frontal  con- 
volution for  ti.f  legs,  and  in  the  second  frontal  for 
the  arms,  the  location  of  s|ieech  just  in  front  of 
the  motor  (cntres  for  the  face  and  mouth  would 
receive  htion^:  su[>port  l)y  analogy,  but  all  this  is 
still  veiy  uncertain. 

To  sum  up.  we  may  express  current  opinion  by 
accepting  the  existence  of  a  large  diffuse  centre  in 
the  left  tenij)oro-parietal  region  in  which  recognition 
of  spoken  and  written  language  and  "  internal 
s|)eech  "  take  place  ;  when  it  is  seriously  damaged 
these  are  all  lost  and  the  intelligence  is  impaired. 
Whether  there  is  a  s{)ecial  departure  platform  in 
Broca's  convolution  for  uttering  sjxjech  is  uncertain, 
but  probably  there  is.  Lesions  of  the  projection 
hbres  from  the  cortex  (  (?)  of  Broca's  convolution) 
will  canst;  "  anarthria.  that  is,  loss  of  external  but 
not  of  internal  s{)eech. 

Practical  deductions  arc  not  to  tnist  aphasia  as 
conclusive  localizing  evidence  of  a  lesion  in  the  left 
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tliinl  frontal  gyrus,  hut  rather  to  look  {n  tin*  temp<iral 
reRif)n.  espcrialh-  if  there  is  any  defective  appreciation 
of  wliat  is  saitl  or  written.  Moie.iver.  we  receive 
encouragement  that  tliere  is  no  need  to  fear  that 
small  cortical  injuiie-^  inflicted  by  the  surgt-on  will 
cause  aphasia  :  sulxortical  injuries  are  much  more 
likely  to  do  so,  by  cuttiiif,'  oti  projection  hl)res. 


'fi 


MISLEADING     LOCALIZING    SIGNS    OF    INTRA- 
CRANIAL   TUMOUR. 

It  is  very  disa])j)oii)ting  when  definite  sitjns  usually 
regarded  as  of  importance  in  localization  ^'ive  colour 
to  a  diagnosis  as  to  the  position  of  a  cerebral  tumour, 
but  on  tlie  operation  table  nothing  is  found  in  that 
region.  It  is  more  than  disappointing,  because  un- 
successful attemjtts  to  fmd  the  tumour  are  more  fatal 
than  actual  removals.  Some  study  therefore  of  the 
physiology  <'f  the  production  of  misleading  signs  may 
\)e  useful. 

Tlie  principal  traps  are  furnished  by  the  following  : 

I.  Ckani.m.  Nr.KVi:  P.m.sifs.- -Paralysis  of  one  or 
l)oth  sixth  cranial  nerves  is  (piite  common,  and  by 
no  means  proves  that  the  iier\e  itself  or  its  nucleus 
is  involved  in  the  lesion.  It  has  IxH-n  accounted  for 
by  stret<hing.  due  to  a  supj^osed  backward  dis- 
placement of  the  whole  brain  late  in  the  develojHnent 
of  a  growth  .  the  alxhuent  nerves  nm  straight 
forwards  ami  are  slender,  so  the  first  sign  of  the 
«hsplacemenl  is  a  convergent  squint. 

Other  cranial  nei\es.  including  the  third,  t'lfth, 
seventli.  and  eighth,  arc  occasionally  affected  by  dis- 
placements I't  the  brain  or  by  pressure. 
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2.  LocALiZEn  OR  (inM-RAL  CONVULSIONS. —Mis- 
takes are  particularly  apt  to  arise  if  the  tit  starts  in 
some  (iefmite  area,  follows  a  slow  and  orderly  march 
to  other  areas,  and  jK'rljaps  affects  only  one  side, 
consciousness  l)oinR  lost  late  if  at  all  ( Jacksonian 
epilepsy).  It  must,  however.  l)e  rememl)ered  that 
all  this  may  occur  witliout  any  obvious  cortical 
lesion  ;  indeed,  Ihe  cummonest  cause  of  a  localtzed 
convulsion  is  ordinary  idiopathic  epilepsy. 

Apain.  localized  or  general  convulsions  may  give  a 
wronj,'  ijnpression  when  arising  late  in  the  course  of 
an  intracranial  tumour  or  abscess,  especially  if  it 
presses  on  the  ventricular  system  of  the  brain  and 
dams  back  the  cerebrospinal  Huid.  causing  hydro- 
cephalus. The  accumulation  of  fluid  in  one  or  l)oth 
lateral  ventricles  stretches  tlie  overlying  corte.x,  and 
may  give  rise  to  tits,  sometimes  of  a  Jacksonian  tyj)e. 

J.  BiLATKRAL  SPASTH  PARESIS.— In  many  cases  a 
hint  is  given  of  tl*  true  nature  of  these  seizures,  by 
the  presence  of  a  slight  degree  of  l)ilateral  spastic 
paresis,  with  clumsiufss  «.f  movement,  exaggerated 
reflexes,  extensor  plantar  resp^mst-,  and  a  Uttle 
rigidity. 

Of  course,  if  this  should  chance  to  be  associated 
with  paralysis  of  a  cranial  nerve,  such  as  the  sixth, 
the  temptation  to  diagnoM-  a  lesion  of  the  pons  would 
l>e  verv  great.  Fortunatelv.  this  would  m>t  lie  of 
much  surgical  im^iortance,  as  the  p)ns  is  not  an 
accessible  structure.  Pontine  tumf)urs  are  often 
unilateral,  and  optic  neuritis  is  usually  absent  ; 
whereas  in  the  class  of  cases  we  are  now  considermg, 
optic  neuritis  is  marked  and  old-standing,  and  ther«» 
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is  a  lonp  history  of  headache,  v«)milinp.  or  other  signs. 
prci'tous  to  the  dcielopmtnt  of  spasticity  or  cramal 
nerve  palsy. 

In  otlier  cases.  misleacHng  locahzing  signs  may 
arise  from  patches  of  secondary  thioml)osis,  spreading 
(tdenia,  or  n)eningitis  ;  bnt  none  of  these  are  common. 

The  suspicious  feature  ahout  all  the  st^^tis  here 
mcnttoncd  is  thrir  late  devdopmcnt.  Localizing 
symptoms  ap|>eaiing  when  hearlache,  vomiting,  optic 
nemitis  or  other  evidences  liave  Ixen  present  for 
months  or  years  aie  little  to  l>e  trusted.  Larly 
localizing  signs,  on  the  other  hand,  are  trustworthy 
in  the  main. 

A  few  words  may  l)e  saitl  al^wnit  the  significance 
of  ataxia.  This  is  of  course  evidence  of  a  lesion  of 
the  cerelx'lhun.  hut  it  niav  Ix-  seen  in  other  conditions 
also.  Putting  aside  ata.xia  due  to  aflertions  of  the 
labyrinth.  Friedreich's  ataxia,  and  other  general 
nervous  diseases,  it  may  also  \m  caused  by  a  tumour 
in  the  neighlntuihood  of  the  red  nucleus  in  the 
istlimus,  oi  in  the  jxms. 

THE    CEREBROSPINAL    FLUID. 

This  fluid  is  clear,  watery,  and  of  low  sj)ecific 
gravity  ;  it  contains  almost  no  albumin,  but  some 
sugar.  L'ntil  recently  this  redui  ing  substance  was 
thought  to  l)e  a  pyrocatechin  l)ody.  It  contains  no 
cells  in  health,  nor  does  it  contain  the  antitoxins, 
opst)nins.  or  alexins  which  are  present  in  plasma, 
hTnph,  and  most  serous  fluitls.  This  explains  the 
great  liability  to  septic  meningitis  after  injuries  to 
or  oi)erations  on  the  central  nervous  system.      As 
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urotropin  is  excrcte<l  into  the  cerebrospinal  fluid 
when  given  by  m«mth,  it  may  usefully  be  administered 
to  prevent  septic  compHcations  such  as  the  alxive, 
or  following  on  suppurative  otitis  media.  Some 
success  is  already  claimed  ft>r  this  procedure. 

The  fluid  is  secreted  by  the  choroid  plexus  into  the 
lateral  and  third  ventricles  ;  it  passes  by  the  Sylvian 
aqueiluct  into  the  fourth  ventricle,  escai^es  by  the 
foramina  in  the  nxif  into  the  subarachnoid  space, 
and  is  al)sorl)ed.  partly  by  the  aid  of  the  I»acchionian 
Ixxlies.  into  the  suj)erior  longitudinal  sinus  and  other 
veins.  Hvclrocephalus  is  pnnluced  by  blocking  of 
the  foramina  in  the  r(M)f  of  the  fourth  ventricle  If 
an  exit  is  provided,  large  (juantities  of  cerebrospinal 
fluid  may  be  lost  daily. 

Lumbar  puncture  is  a  very  valuable  aid  to  diag- 
nosis in  various  forms  of  meningitis,  parasyphihtic 
affections  etc..  and  the  fluid  may  l)e  bKK)d-stained 
after  ctrebral  ha-morrhage  or  injury.  It  is  also 
valuable  in  treatment  as  a  means  of  reducing  intra- 
spinal and  intracranial  pressure,  particularly  if  the 
trouble  lies  below  the  tentorium. 
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CHAPTER    XIL 

THE    ACTION    OF    CUTANEOUS 
ANiCSTHETICS. 

Local  anxsthetics  aivoii  hvpodcrmically  ;  cucaine,  nfivocain, 
«»ticain.  st'iv.iiii. — Dnits  applied  to  the  unbroken  skin  ;  opium, 
bcUailonna. — Lountcr-irritaiits  ;    the  theory  of  their  action. 

THK  drugs  which  may  be  used  as  local  an?csthetics 
ami  analgesics  fall  into  three  groups.  Some 
of  them  are  commonly  given  by  hypHlermic  injection 
beneath  the  skin,  although  they  may  l)e  painted  or 
sprayed  on  mucous  membranes  with  satisfactory 
results.  Here  we  put  cocaine  and  its  derivatives, 
eucain  (more  precisely,  />-eucain  lactate),  novocain, 
stovain,  and  tropocaine. 

In  another  group  we  place  the  dnigs  which 
are  applied  to  the  unbroken  skin  in  the  form  of 
ointments,  liniments,  and  plasters,  including  pre- 
parations of  belladonna,  opium,  aconite,  cocaine, 
and  menthol. 

In  the  third  group  we  place  the  drugs  'vhich 
are  not  credited  with  any  local  anitsthetic  actior., 
but  which  aie  classed  as  counter-irritants.  This 
is  an  immense  collection  ;  it  comprises  all  the 
volatile  oils,  especially  mustard,  camphor,  and  tur- 
j)entine.  also  such  substances  as  alcohol,  iodine, 
cantharides,  and  ammonia.  Tlie  thermo-cauter>'  is 
not  a  drug,  but  its  action  calls  for  similar  inter- 
pretation. 
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LOCAL    ANitSTHETICS    GIVEN 
HYPODERMICALLY. 

We  liave  to  compare  in  tliis  group  the  value  of 
cocaine,  novocain,  cucain,  and  stovain.  A  luminous 
rejHtrt  was  pul>li>liod  on  tliese  by  a  Committee  of 
the  liritish  Medical  Association  in  i<y)q.  The  ideal 
local  an.-esthetic  should  have  the  maximum  power  to 
relieve  ])ain,  it  shouM  not  \ye  toxic,  it  should  not 
irritate  tlie  tissues,  and  it  should  ')e  capable  of  sterili- 
zation by  boilinp. 

Tlie  tal)le  below  gives  tlie  comparison  of  these  four 
drugs  at  a  glance. 
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An  ^'■  1  Ml   .  K 


r.>\v  i.K 


Coiaine        Piiwtrful 

Lucain         rowtrtiil 

Stovain        Most  pow^r 

ful 
Novocain    Poworlul 


1 1'Xici  I  1- 

Kn  K'  I  .  ••, 

1  (s-lKS 

K.KFKCr    OK 
l!.'ILIN(. 

M<)>t  toxic 

Kath.r 
irritant 

SpoiU'd 

Least  toxic 

Very 
irritant 

No  effect 

Katlicr  loxii 

Very 
initant 

N.)  effect 

Li  ast  toxic 

Not 

No  effect 

irritant 

It  will  be  seen  that  novocain  is  the  most  satis- 
factory', and  cocaine  the  least  so.  It  is  common 
knowledge  that  cocaine,  like  chloral,  is  very  variable 
in  its  effects  on  liifferent  people,  and  a  safe  dose 
for  one  is  fatal  for  another.  With  some  patients 
the  margin  of  safety  between  a  dose  that  produces 
no  effect  at  all  and  a  dose  that  causes  alarming 
symptoms  is  exceedingly  narrow.  Tlie  symptoms, 
again,   vary    widely.^     Some    get    headache,    others 
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vomiting,  and  yet  otliers  f.iintint,'  and  collapse.  Fatal 
cases  have  «)ften  occurred  even  after  modt-rate  dose-;, 
and  it  is  never  safe  to  -^ive  more  than  a  <|;uirter 
of  a  grain  of  cocaine  unless  the  patient  lias  had  it 
before. 

Most  surgeons  will  dnubt  if  eucain  is  really  as 
powerful  an  an;esthetic  as  c(>caine,  but  in  its  main 
details  tlie  correctness  of  the  above  table  has  been 
abtmdantly  demonstrated  by  many  indejiendent 
observers. 

Mr.  iiarker,  and  others  following  his  example,  have 
claimed  great  advantage  from  combining  adrenalin 
with  the  cocaine  or  its  deri\ative.  The  suggestion 
is  that  the  \  asoconstriction  mduced  keeps  the 
cocaine  from  being  carrieil  rapidly  away  by  the 
circulation.  Thus  we  iiu  rease  the  Incid  cttect,  which 
is  desired,  and  dinunish  the  general  or  systemic 
effect,  which  is  n<'t  desired.  There  is  n<>  il<>ubt  that 
the  method  is  often  most  etTicacious.  but  adrenalin 
is  a  powerful  agent,  and  occasionally  it  seems  to  l)e 
responsible  for  alarming  collapse. 

Wliatevcr  drug  or  combination  of  drugs  is  used 
tor  hy{)odermic  injection  as  an  an, esthetic  for  opera- 
tive purposes,  it  is  of  cardinal  importance  that  it 
should  be  correctly  gi\en.  and  an  i-xtraoitlinary 
immber  of  surgeons  do  not  appear  to  knu-,,-  how  to 
secure  a  good  result.  Again  and  ;iL,'..!n  one  sees 
cocaine  injected  and  one  can  foi('t«-ll  with  certainty 
that  the  patient  will  scream  with  pain  when  the 
incision  is  made.  In  another  case  half  the  dose  gi\es 
a  perfect  anasthesia.  Tlie  whole  point  is  that  the 
sensitive  ncive-endini/s  are  not  in  the  subcutaneous 
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(at,  but  in  the  cells  of  the  Malpifjhian  layer  of  tlie 
skin,  and  the  injection  must  lie  made  into  the  sktti, 
not  into  the  fat.  When  tiie  anastlietic  has  l)een 
properly  given,  the  skin  nill  lie  -uhttc.  and  will  present 
a  fhd-toppid  infiltriition  a  ith  a  shiirp  aiiic,  like  tliat 
whidi  IS  so  ( haracteiistic  of  eiysipelas.  To  make 
a  satisfactoiy  intiademiic  injection  a  small  hypo- 
dermic sviiuf^e  is  selilom  f,'ood  tnouf^di.  One  needs 
a  poweilul  syrinf^'e  with  a  fine  needle.  An  anti- 
toxin syringe  does  excellently. 

DRUGS    APPLICD    TO    THE    UNBROKEN    SKIN 

It  has  1  <-en  customary  to  i(]ie\e  abdominal  pain 
by  the  application  of  liot  fomentations  containing 
opium,  to  tieat  sprains  and  biuises  with  lead  and 
opium,  and  to  smear  on  glyieiin  of  Ix'lladonna  for 
tlie  discomfort  of  white  leg.  What  (hspeptic  old 
lady  has  not  wdrn  a  belladonna  }>!aster  o\-er  lier 
heart,  and  what  practitioner  has  not  prescribecl  a 
belladonna  liniment  for  vague  aches  and  pains  ? 
The  rationale  of  the  tieatment  has  been  that  lx.'lla- 
doiuia,  ojiium,  and  nu'ntliul  are  alleged  local 
anaesthetics,  and  it  is  fmther  su]>posed  that  they  are 
absorbed  by  the  unbroken  skin.  The  truth  is  that 
they  are  not  local  anasthetics.  and  that  thev  are 
scarcely  if  at  all  abxtrbed  through  the  unl)roken 
skin.  Neither  accniite,  c<tcaine,  carbolic  acid,  bella- 
donna, nor  ojnum  has  any  power  to  relie\e  pain 
when  applied  to  the  unbroken  skin. 

It  has  been  well  said  that  "  Vou  have  not  pro\ed  a 
lie  to  be  a  lie,  initil  you  have  shown  how  it  came  to 
be    belifved."      Ihis    is    verv    true    in    science     and 
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especially  in  medical  science.  The  use  of  l)elladonna 
and  opium  to  relieve  local  pain  was  an  obvious 
deduction  from  their  p,\Q:\t  jiower.  when  Riven  by  the 
mouth,  to  relieve  general  pam  by  inducing  sleep  or 
allaying  colicky  contractions.  In  the  case  of  Ijella- 
donna  and  its  alkaloiil  atrnpine,  the  fallacy  was  the 
more  natural  in  that  they  have  a  very  genuine  effect 
in  paralvsing  nerve-endings,  but,  untortunately,  it  is 
only  the  nen-e-endings  in  glands  and  unstriped 
muscle  that  are  paralysed,  not  the  sensory  twigs  in 
the  skin. 

The  fallacy  has  been  maintained  by  the  practice  of 
coml'ining  tliose  drugs  witli  other  and  more  potent 
treatment  ;  thus,  !>elladonna  is  given  with  counter- 
irritants  such  as  camphor  or  alcohol  ;  warmth  may 
Ixj  applied  with  the  opium  ;  friction  helps  the  bella- 
donna liniment  to  make  a  reputation,  and  even  the 
>upport  of  the  strapping,  with  counter-irritants  in 
it.  assists  the  patient  to  believe  in  the  value  of  a 
belladonna   plaster. 

We  may  go  one  step  further,  and  say  that  the 
application  of  opium  and  lx?lladonna  to  mucous 
membranes  is  equally  futile.  There  is  no  evidence 
that  opium  suppositories  after  the  of)eration  for 
piles,  or  laudanum  dropju'd  into  aching  ears,  have 
any  direct  local  effect.  Of  course,  mor[)hia  may  be 
absorl)ed  froiu  the  sup{>f)sitory,  but  in  that  case  it 
presents  no  advantage  over  a  dose  given  by  mouth 
or  hypodermically,  and  is  less  certain  in  its  action. 

To  sum  up,  there  is  no  drug  in  conunon  use  capable 
of  acting  as  an  an.xsthetic  on  the  unbroken  skin, 
except  ether  and  ethyl  chloride,  which  freeze  it,  and 
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the  only  diii^-  which  n-Iicvi-  <lc('|)-scatcd  pain  when 
painted  on  or  iiibl)ed  iiit*;  tlie  ^kin  are  the  counter- 
irritants. 

ImiII  details  (A  the  experimental  data  for  these 
conchisions,  whicli  are  accepted  l)y  the  leathn^ 
pharmacologists,  will  be  found  elsewhere.  Hiiefly, 
the  methods  adopted  were  as  follows. 

Strong,  e\en  dangerously  strong  solutions  and 
ointments  containing  opium,  atropine  or  hrlladonna, 
aconite,  cocaine,  carbolic  acid,  and  menthol  were 
tested  on  the  skin  of  tlie  finger,  and  on  the  tongue, 
and  thoe  were  then  examined  to  mc  if  their  sensi- 
bility was  in  any  way  altered.  The  methods  of 
examining  the  skin  of  the  linger  wi-re  as  follows. 
Mach  te>t  was  ajjplied  on  more  than  one  observer 
and  after  \arying  inter\al>  of  time. 

1.  'J' III'  Int»li-rMc  Tint pirat lire  Test. — For  each 
observer  there  was  a  certain  constant  temperature 
which  was  just  not  intolerably  h<<t,  when  the  linger 
was  dipjied  into  warm  water  for  lialf  a  minute. 
This  was  determined  bi'fore  and  alter  applying  the 
drug  under  consideration. 

2.  The  iaradiL  Pain  Tcsl. — The  strengtli  of  current 
was  determined,  before  and  after  the  application  of 
eacli  drug,  at  wliidi  the  damp  Imger  hrst  found 
electrical  ^timulation  by  means  of  electrodes  led 
off  from  a  faradic  coil  actually  painful,  tlie  current 
used  being  small  at  first  and  gradually  augmented. 

;.  Tlutnud  Discrimination  7Vi7.— We  found  tliat 
wc  were  al)le,  by  immersing  the  fmger  first  in  one 
beaker  of  warm  water  and  then  in  anotlier,  to  detect 
a  diileifiice  in  leiiii'eraluie  of  not  ie»5  than  one  degree. 
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This  was  tested  before  and  after  the  apphcatinn  of 
eacli  drug. 

4.  Cicncral  Testing  by  means  of  a  pin  point,  the 
asthesioineter,  a  wool  {H'iKil.  etr  ,  was  also  used. 
In  testing  the  sensil)ility  of  the  tongue,  we  used  the 
faradic  j>ain  test  as  described  ab<t\-e  ;  we  examined 
thermal  discrimination  by  applying  warm  metal 
points  at  various  temperatures  ;  we  used  the  .esthesio- 
ineter,  and  stmlied  the  effect  of  the  druf^s  on  taste. 

judged  by  these  standards,  the  \arious  (h"Uf;s  fareti 
as  follows  : — 

opium.—  X  5  per  cent  solution  of  mor])hine 
tartrate  in  \vater  had  no  effect  on  skin  or  toni^ue. 

Udladonnii. — \'ery  stront,'  liniments  had  no  anaes- 
thetic effect.  Indeed,  if  they  had,  the  drug  could 
be  used  instead  of  cocaine  for  eye  surs^'cry.  The  only 
sifjn  we  could  obtain  was  diminution  of  sweating 
over  the  skin  area  treated.  There  was  no  flushing 
01  blanching  of  the  skin  or  mucous  membrane. 

Aconite. — Neither  tlie  H.P.  liniment  nor  ointment 
had  any  effect  on  the  >kin.  Solutions  produced 
tingling  of  the  tongue,  but  we  were  not  quite  cf)nf\dent 
whether  there  was  or  was  not  a  little  reduction  in 
sensibilit3^ 

Cocaine. — Strong  ointments  and  alcoholic  solutions 
had  no  effect  on  the  unbroken  skin.  Of  course,  if 
the  skin  is  broken,  the  effect  is  marke<l.  A  10  per 
cent  solution  applied  to  the  tongue  produced  con- 
siderable reduction  of  sensibility,  by  all  our  tests. 

Menthol  produces  a  curious  stimulation  of  the 
nerve-endings  which  detect  cold,  as  is  well  known. 
A  discussion  of  its  other  actions  would  lead  us  too 
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far,  but  any  an.xsthetic  effect  is  purely  tljat   of  a 
counter-irritant. 

Carbolic  Acid  rather  increases  the  sensitiveness  nf 
the  finpcr  tf)  j)ainful  stiinuU.  Its  undouhtetl  vahie 
in  reheving  toothadie  is  due  to  its  caustic  action  in 
destroying  irritated  nerve-enchngs.  Tlie  numb  feel- 
ing we  get  after  prolonged  soaking  in  I  in  jo  carbolic 
is  due  to  the  formation  of  a  thin  coating  of  killed 
epidermis  over  the  hands. 

The  fact  that  even  cocaine,  whicli  is  thoroughly 
proved  to  paralyse  sensory  nerves,  fails  to  j^roduce 
the  slightest  effect  when  a  lo  per  cent  solution  in 
alcohol,  or  a  lo  per  cent  ointment  made  with  lanolin 
IS  nibbed  into  the  skin,  is  strong  e\idence  that  little 
if  any  of  these  alkaloids  reaches  the  nerve-endings 
at  all.  Atropine  finds  its  way  into  the  sweat  ducts 
sufliciently  to  reduce  but  not  to  abolish  sweating 
by  its  action     ii  the  sweat  glands. 

It  may  be  objected  that  ther«'  is  sufficient  clinical 
evidence  of  beneht  from  these  drugs  to  defy  negative 
results  by  experimental  methods,  but  any  who  claim 
this  must  not  ctmfube  the  issue  by  combining  the 
belladonna  or  oj^ium  with  c.uiiphor,  lieat,  rest,  or 
strapping.  Again,  it  may  be  suggested  that  atropine, 
at  least,  has  some  vasomotor  effect,  but  we  failed 
to  observe  any,  and  indeed  we  doubt  if  it  ever  reaches 
the  blood-vessels  when  rubbed  into  tlie  unbroken  skin. 

It  is  a  thankless  task  to  jnill  down  strongholds  of 
belief,  but  it  is  necessary  il  only  to  direct  more 
attention  to  the  true  means  of  giving  relief  to  pain, 
including  general  drug  treatment,  rest.  mas,sage, 
counter-irritatio-n,    heat,    and    passive  *  liyj-ierxmia. 
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Moreover,  a  recognition  of  th<'  failure  of  drugs  saves 
useless  expense,  and  may  bani>]j  fr(»m  patients' 
houses  some  of  the  commonest  of  i>o\vt'rful  poisons. 
Belladonna  liniment,  for  instance,  has  l)een  respon- 
sible for  an  immense  number  of  alarms,  illnesses, 
and  even  fatalities. 

COUNTER-IRRITANTS. 

In  order  to  have  a  clear  conception  of  the  subject 
before  us,  let  us  take  thret-  illustrations  of  the  use 
of  coimter-irritants  :  (i)  The  application  of  diluted 
tincture  of  capsicum  to  the  loin  for  lumbago  ;  {2) 
Rubbing  in  soap  liniment  for  a  painful  sprained 
ankle  ;  and  (j)  Putting  a  l)lister  lx;hin«i  the  ear  for 
earache. 

Tliese  are  old  antl  tried  remedies  ;  have  we  any 
evidence  of  their  value ;  and  if  so,  how  do  they  act  ? 
Why  should  an  irritation  of  the  cutaneous  nerve- 
endings  make  any  difference  to  the  sensations 
received  from  deep  fasciie,  synovial  membranes,  or 
the  middle  ear  ? 

No  one  can  deny  the  great  relief  given  by  the  above 

measures.     The  effect  of  the  first  is  often  marvellous, 

to  which  some  of  us  can  l)ear  personal  testimony. 

The  liniments  and  other  applications  mentioned  in 

the  group  we  have  just  considered  have  traded  for 

their    reputation    on    the    counter-irritation    they 

produced.      We     have     the    analogous    means    of 

relieving  pain,  the  use  of  hot  fomentations  and  of 

the  thermo-cauter\',  waiting  for  an  e.xplanation  on 

similar  lines. 

Before   considering   why   counter-irritants   relieve 
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pain,  \\r  ^liniiM  tii>t  in']Miic  \\li\'  ititlanimatinn  is 
paiiilul  ,  in  what  \\a\'  «li>  llir  \a>riilai  and  other 
(Iiarif^'f-i  tliat  take  pl.nc  in  intlaincfl  aHM>  irritate 
iierve-fn(linf,'>  '  II  (  atinnt  l>r  merely  \>\  the  fhi^hiiitr 
with  Mi'imI,  l.ecatiM'  I'ierV  bandage  t,'reat!y  iin!ea>es 
this,  and  yet  ie!ie\»~.  pain.  It  niav  he  by  the 
(  heniii  .il  iiritatinn  pindiKfd  \>\-  the  t<>\in>,  '>r  more 
probaMv  bv  sf  leti  hini;  ol  n<  r\  ecndin^'^  owint;  to 
the  sweUiiif,'  up  of  till-  tiN-,ue-,  witli  nitlammatory 
exudate,  lliat  >tiet(hm!.,'  \m1I  rause  acute  jiain  is 
shown  b\-  its  (Kctuience  m  tolii,  I  )rop>v  is  not 
painful,  bei  au^e  in  that  (ondition  tlie  thml  pa»fS 
«iut  passi\i''y  ulnu-  the  i<'>i>tanre  is  K'a>t,  a>  in 
tlie  sulxaitaneous  ti>>ue-.  ;  whereas  inflammatory 
exudation  is  an  at  ti\-e  jnocess  atft'CtiiiL;  all  the  ti.->:>ues 
invoK'ed  in  the  iiifhimniatioii,  even  when  they  are 
tePM'  and  tull  ot  nei\cs. 

Il  seems  strange  to  <  l.iim  that  \a>cular  (hlatation 
shouM  }\lir,c  sui  h  a  condition.  Would  it  not  rather 
add  to  the  painful  tension  .'  In  imyieldint,'  structures 
this  may  be  true  ;  the  treneral  vasodilatatimi  and 
fallint^  blood -pressure  lust  as  we  j,m)  to  sleep  will 
exag},;erate  the  adiin^'  of  (hionic  bone  inflammation. 
]?ut  we  mu>t  consider  liow  the  painful  exudation  of 
plasma  into  all  the  interstices  of  the  tissues  is  to  he 
removed  ;  it  can  only  l)o  by  increasing,'  the  lymph 
fhnv,  by  increa>inf4  the  absorption  of  tluid  by  the 
venules,  and  by  washinj,'  away  the  toxins  which  set 
up  the  exudation.  To  increase  the  Ivmph  flow,  the 
part  must  be  ele\atetl  ami  a  better  "  head  "  of  water 
provided  by  \asodilatation.  To  increase  absorption 
by  the  blood-sticain,  there  must   be  vasodilatation. 
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To  cany  off  aiul  <liliitr  toxins,  acMiti,  tluMo  luii-'t  Ik- 
vasotlilatation.  It  i^  true  that  m  the  early  sta^^'e^.. 
U'foie  any  quantity  of  exudate  has  Ihhii  |M)utc«l  o»it, 
and  whire  the  rauM>  i<\  the  trouble  i^  luerhaniral 
injury,  not  l>a<t«iial  toxin-i.  the  \Msn((»n^trirtio!i 
obtained  l>y  cold  rnav  I'lcvent  the  in<iea>e  of  tlie 
fluid  in  the  tis>ues.  I'.ut  uh«n  the  i>ut|M)urinf,'  has 
already  taken  j)hioe,  ut-  ne«-<l  sdnie  ineaiiN  i<{  iinhKinii 
N  aso(h!atation. 

We  need  not  »'\j)!ain  h<>\v  heat  and  Hier's  bandage 
will  produce  this  etlect,  but  at  once  turn  to  a>k  why 
puttint^  irritants  on  the  skin  can  cause  vaso(hKuation 
in   the  deeper  paits. 

\:.i(h  segment  of  the  spinal  ct)rd,  medulla,  pons,  and 
isthmus  receives  sen>ory  impulses  from  the  skin, 
and  also  from  a  viscus.  Me»ages  from  the  former 
we  can  localize  acouately.  Messages  from  the 
latter  the  segment  camiot  localize  at  all.  but  we 
know  vaguely  that  the  discomfort  is  in  the  viscera! 
area  which  is  inner\ated  from  that  segment.  Mis- 
interpretations are  common,  and  conse<jUently  there 
may  Ix;  incorrect  localizing  of  a  pain,  an<l  tenderness 
of  tlie  corresjM)nding  skin  area  when  really  the  viscu^ 
is  at  fault.  To  (juote  a  few  instances,  earache 
without  deafness  is  usually  due  to  a  carious  lower 
back  molar  ;  skin  tenderness  of  the  riglit  eleventh 
dorsal  area  i  associated  with  commencing  appendi- 
citis ;  and  painful  affections  of  the  ovary  or  testis 
may  cause  girdle  pain  in  the  tenth  dorsal  area. 
The  liver,  heart,  an.l  stomach  all  nave  their  areas 
of  referred  pain.  Dr.  Head  has  published  much 
research  on  these  topics. 
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Irritation  of  tlie  cutaneous  nerves  by  iodine, 
camphor,  cantharides,  menthol,  or  heat  will  be  inter- 
preted by  the  spinal  segment  as  a  call  for  local  vaso- 
dilatation, and  in  responchng  to  the  apjieal  more 
blood  is  supplied  not  only  to  the  skin  area  but  also 
to  the  corresponding  viscus.  As  we  ha\e  seen,  the 
better  blood-supply  will  give  s<ime  relief,  if  such 
relief  is  possible,  to  the  pain.  This  is  the  theory  of 
counter-irritation. 

Tlie  practical  corollary  is  tliat  our  counter-irritants 
should  be  those  having  a  powerful  and  prolonged 
effect  on  the  cutaneous  nerves. 


'' 
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APPEXDIX. 

URINE  ANALYSIS  IN  CASES   FED  BY 
NUTRIENT    ENEMATA. 

I  AM  given  kind  permission  to  set  forth  the  following 
unpublished  observations  by  Dr.  K.  E.  Thomas  on 
patients  under  Dr.  Nixon  in  the  Bristol  Royal  Infirmary. 

C.\SE  I. — L.  \V.,  a  girl  aged  22.  was  admitted  for 
iiacmatemcsis  on  Nov.  0,  1909,  and  was  treated  with 
nutrient  enemata  consisting  of  4  oz.  of  milk  with  one 
egg  peptonized  for  twenty  minutes,  given  every  four 
1  urs.  One  to  two  pints  of  saline  were  also  given 
daily  by  the  rectum,  and  the  bowel  was  washed  out 
every  morning.  Nothing  was  given  by  mouth,  except 
a  little  ice,  until  Nov.  22. 

The  urea  was  estimated  by  the  hypobromitc  method, 
the  ammonia  nitrogen  by  the  formalin  methcKi.  and 
diacetic  acid  and  acetone  by  the  tests  described  in 
Chapter  VII.     (See  Table,  pp.  188,  189). 

Case  II. — M.  H.,  a  girl  aged  20,  was  admitted  for 
h.xmatemesis  on  June  i.  if><>9.  The  treatment  was 
exactly  as  in  Case  I.,  but  no  analyses  of  the  urine  were 
made  until  June  19,  on  which  day  mouth  feeding  began 
as  well  as  the  nutrients,  which  latter  went  on  till  July  7. 
(See  Table,  p.  190). 
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COMPARISON    WITH    CASES    OF    STARVATION'. 

(a).  The  Xitrocenous  Output. — \Vc  may  institute  com- 
parisons cither  with  analyses  of  the  urine  of  professional 
lusting  men,  or  of  patients  suffering  from  ha^matemesis 
treated  by  sahne  or  sahne  with  glucose. 

(The  following  figures  arc  taken  :  om  von  Noorden's 
"  MetalHjlism,"  vol.  ii,,  pp.  -.  33.) 

T()T.\L    OVTPfT    OK    NlTR(JuHN,    IN    C1r.\MS. 
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I         ) 
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(         ) 
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(         ) 
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f         ) 
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(         ) 

The  figures  in  hracktts  are  th«-  Una  N  *   Ammunia  N  oi 
Case  I    at  the  l?ri.st'.>!  Kov:'.!  Inflrrriirv, 
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It  will  be  srcn  that  there  is  a  slight  l)ut  constant 
irnprovenunl  on  the  average  when  nutrients  were 
Kiven.  vkhu  li  wnuld  he  still  inure  evident  if  the  total 
nitrogen  had  heen  estimated  m  the  Bristol  cases  instead 
.,1  the  urea  and  ammonia,  thou-^h  of  loursc  these 
together    amount    lor    about    <>>'    per    eent    of    the    total 

nitrogen. 

In  the  second  Ih'stol  «  ase.  the  figures  are  a  tritle 
betler  than  Sii<  <  is,  hut  she  was  taking  a  little  meat 
]uue  by  mouth.  It  is  very  noteworthy  that  the  urea 
output  does  not  merease  for  several  days  after  mouth 
leeding  is  starte<l  again. 

{!,).  C<n>>,h\dya(c  .]hsnrf-ti,,)!.  Tins  may  be  estimated 
by  tiie  relation  of  ammonia  nitrogen  to  urea  nitrogen, 
.uid  also  by  ;he  output  of  di.u  eti.  a(  i<l  and  aeetonc. 
It  will  be  >een  in  the  Bristol  eases  that  a*  etone  an<l 
diacetiL  aeid  rapidly  in.  leased  in  quantity  until  feeding 
bv  the  mouth  was  (cmment  ed,  when  they  passed  away. 
The  normal  3  jierient  ol  ammonia  nitrogen  also  rose 
to  a  high  hgure  during  re.  tal  leeding.  but  soon  became 
normal  when  lood  was  ^iven  by  ir.outh.  Two  com- 
parisons maybe  instituted.  The  first  compares  Succi 
w.lh  (.ase   I. 


I'eiio.l  i>f  Ka-t 

1-5  (lays 
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11-15  .. 


AMM0M.\    NllKOolC.N. 

12  ■,, 
li  ■,, 
17  •- 


I5T';'. 
(iteilini;  (.umraenced) 


The  scK.nd  (.omi>ai\s  the  average  of  nine  girls  treated 
f.^r  gastric  ul<  er  by  Simple  starxation  with  the  Bristol 
t  .'se    1. 
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To  sum  up.  It  may  bo  contcndcfl  that  nutrient 
cncmata  in  lioth  cases  secmcl  to  yield  the  l^ody  a  small 
but  very  inadequate  quantity  both  of  protein  and 
carbohydrate,  but  m'uh  more  cxtcnsi\c  ol)scrvations 
arc  called  (or  It  would  le  best  lO  analy.sc  the  urinary 
nitroj^cn  bj-  Kjeldahl's  method,  which  is  of  course  a 
lengthy  procedure. 

Note. —  Since  the  above  was  written.  Lanj:;flon-Brown 
has  contributed  some  important  .inalyses  showing  how 
little  nitPigcn  can  be  abs'jrbcd  from  nuirient  encmata. 
{I'foctCiiiii'^<  Royal  Socitiy  of  Mid!cti:r.  I'harn'.jculozica! 
Sect  I'm.  loi  I.) 
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